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^ (54) Title: COMPLEMENTING CELL I JNES 

Id (57) Abstract: A packaging cell line capable of complementing recombinant adenoviruses based on serotypes firom subgroup 6, 
^ preferably adenovirus type 35. The cell line is prefefably derived fix>m primary, diploid human cells (e.g., primary human letinoblasts, 
^ primary human embryonic kidney cells and primary human anmiocytes) which are transformed by adenovirus El sequences either 
operadvdy linked on one DNA molecule or located on two separate DNA molecules, the sequences being operatively linked to 
^"-^ regulatory sequences enabling tianscripdon and translation of encoded pzoteins. Also disclosed is a cell line derived from PER.C6 
^ (ECACC deposit number 96Q22940), which ceU expresses functional Ad3S ElB sequences. The Ad35-E1B sequences are driven 
by the BIB promoter or a heterologous promoter and terminated by a heterologous poly-adenylation signal. The new cell lines are 
useful for producing recombinant adenoviruses designed for gene therapy and vaccination. The cell lines can also be used for pro- 
^ ducing human recombinant ther^utic proteins such as human growth fectors and human antibodies. In addition, the cell lines are 
^ useful for producing human viruses other than adenovirus such as influenza virus, herpes sirr^lex vims, rotavirus, measles virus. 
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CX)MPLEMENTING CELL LINES 

Technical field: The invention relates to the field of biotechnology generally, and more 
specifically to adenoviial-based conqplementing cell lines. 

5 

Background : Typically, vector and packaging cells have to be ads^ted to one another so 
that they have all the necessary elements, but they do not have overlapping elements 
which lead to rqplication conq>eteat vims by recombination. Therefore, the sequences 
necessary for proper transcription of the packaging construct may be heterologpus 

10 regulatory sequences derived from, for example, other human adenovirus (Ad) serotypes, 
non-human adenoviruses, other viruses like, but not limited to, SV40, hepatitis B vims 
(HBV), Rous Sarcoma Virus (RSV), cytomegalovirus (CMV), etc. or from hi^er 
eukaryotes such as niammals. In g^eral, these sequences include a promoter, enhancer 
and poly-adenylation sequences. 

1 5 PER.C6 (ECACC deposit number 96022940) is an example of a cell Une devoid of 
sequence overlsqp betwem the packaging construct and the admoviral vector (Fallaux et 
al^ 1998). Recombinant viruses based on subgroup" C adenoviruses such as Ad5 and Ad2 
can be propagated elBScienfly on these packaging cells. Generation and propagation of 
adenoviruses from oth^ serotypes, like subgroup B viruses, has proven to be more 

20 diflBcult on PER.C6 cells. However, as described in European patent application 

002017382, recombinant viruses based on subgroup B virus Ad35 can be made by co- 
transfection of an expression constmct containing the Ad35 early region-l sequences 
(Ad35-El). Fur&^moie, Ad35-based viruses that are deleted for ElA sequences were 
shown to rqpUcate efificienfly on PER.C6 cells. Thus, the ElA proteins of Ad5 

25 conq>lement Ad35-El A Amotions, whereas at least part of the ElB functions of Ad3S are 
necessary. This serotype specificity in ElB fimctions was recenfly also described for Ad7 
recombinant viruses. Li an attempt to generate recombinant adenoviruses derived fiom 
subgroup B virus Ad7, Abrahamsen et al. (1997) were not able to generate El-deleted 
viruses on 293 cells without contamination of wild-type (wt) Ad7. Viruses that were 

30 picked after plaque purification on 293-ORF6 cells (Brough et oL, 1996) were shown to 
have incorporated Ad7 ElB sequences by non-homologous recojcnbination. Thus, 
efficient propagation of Ad7 recombinant viruses proved possible only in the presence of 
Ad7-E1B expression and Ad5-E4-ORF6 expressioiL The ElB proteins are known to 
interact with cellular as well as viral proteins (Bridge et al^ 1993; White, 1995). 

35 Possibly, flie conq>lex formed between the ElB 55K protein and E4-ORF6 which is 
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necessary to increase mRNA export of viral proteins and to inhibit export of most cellular 
mRKAs» is critical and in some way serotype specific. 

Description of the Invention 
5 The present invention provides new packaging cell lines capable of coniplementing 
recombinant adenoviruses based on serotypes other than subgroiq) C viruses, such as 
serotypes from subgroup B» like adenovirus type 35. 

In one aspect the invention provides packaging cell lines cspable of con^lementing 
recombinant adenovirus based on a serotype of subgroiq) B, preferably of serotype 35. 
10 Wifli the terms "based on or d^ved from an adenovirus" is meant that it utilizes nucleic 
acid corresponding to nucleic acid found in said serotype. The utilized nucleic acid may 
be derived by PGR cloning or other methods known in the art 

In one aspect of the invention, the new packaging cells are derived from primary, diploid 
hunoian cells such as, but not limited to, primary human retinoblasts, primary human 

15 embryonic kidney cells or primary human amniocytes. Transfection of primary cells or 
derivatives thereof with the adenovirus ElA gene alone can induce unlimited 
proliferation (immortalisation), but does not result in conq>lete transformatiorL However, 
expression of ElA in most cases results in induction of progranomed cell death 
(qK)ptosis), and occasionally immortalisation is obtained (Jochemsen et al.j 1987). Co- 

20 expression of the ElB gqne is required to prevent induction of apoptosis and for conq^lete 
morphological transformation to occur (reviewed in White, 1995). Therefore, in one 
aspect of the invention, primary human cells or derivatives thereof are transformed by 
expression of adenovirus El proteins of a subgroup other than subgroup C, preferably 
subgroiq) B, more preferably adenovirus type 35. The combined activity of the ElA and 

25 ElB proteins establishes indefinite growth of the cells and enables concplementadon of 
recombinant adenoviruses. 

The conq)lete morphological transformation of primary cells by adenovirus El 
genes is the result of the combined activities of the proteins encoded by the ElA and ElB 
regions. The roles of the different El proteins in lytic infection and in transformation 

30 have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenoviiiis ElA proteios are essential for transformation of primary cells. 
The ElA proteins ex^ this effect through direct interaction with a. number of cellular 
proteins that are involved in regulation of transcription. These include the pRB femily of 
protems, p300/CBP and TATA bindmg protein. In addition to this ElA increases the 

35 level of p53 protein in the cells. In the abs^ce of adenovirus ElB activity the rise in p53 
levels leads to the induction of apoptosis. Both proteins encoded by the ElB region 
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counteract the induction of apoptosis althou^ by different mechanisms. E1B-21K seems 
to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 

* 

proteins downstream in the apoptosis pathway (Han et al.^ 1996), whereas E1B-55K 
functions through direct interaction with pS3. Importantly, the molecular mechanism by 

5 which the E1B-55K proteins of Ad2 and 5 (subgroup C) and Adl2 (subgroip A) function 
in flie ability to neutralise p53 may differ. Whereas Ad5 E1B-55K binds p53 strongly 
and the complex locaUses to tiie cytoplasm^ Adl2 B1B-5SK binds pS3 weakly and both 
proteins are localised in the nucleus (Zantema et aL, 1985; Grand et al^ 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Y ew and Berk, 

10 1992). 

In rodent cells, the activity of El A together with eitha: E1B-21K or 55K is 
suEELciesit for full transformation altfaougjbi expression of both ElB proteins together is 
twice as efficient (Rao et al., 1992; ). Inhuman cells however, the activity of the ElB- 
SSK protein seems to be more important given the observation tiiat ElB-SSK is 

15 indispensible for die establishment of transformed cells (Gallimore, 1986). 

Exansple 6 h^eof describes die generation of pIG270. In this construct the Ad35-£1 
genes are caressed from the hPGK promoter and transcription is terminated by the 
HBVpA. The hPGK pronaoter constitutes a HmcIT-EcoRI fragment of the pronooter 
sequence desoibed by Singer-Sam et oL (1984). The HBVpA is located in a BanG^DL- 

20 Bgin fragment of the Hepatitis B virus genome (Simonsen and Levinson, 1983; see also 
Genbank HBV-AF090841). As mentioned before, the promoter and polyadenylation 
sequences of the El egression constructs described in this invention may be derived 
from other sources wfaithout departing from the invention. Also, other functional 
fragments of the hPGK and HBVpA sequences mentioned above may be used 

25 The functionality of pIG270 was shown by transformation of primary Baby Rat 

Kidney cells (BRK). Conqparison with an equivalent Ad5-El expression constmct 
learned that Ad35-El genes were less efScient in transforming these cells. The same has 
heea found for the El genes of Adl2 (Bernards et al,, 1982). 

It is unclear which El protein(s) determine(s) the difference in transformation 

30 efBciency of El sequences observed for adenoviruses from different subgroiqps. In the 
case of Adl2, transfection studies witii chimeric EIA/EIB genes suggested that the 
efficiency of transformation of BRK cells was determined by the El A proteins (Bernards 
et al.^ 1982). The E1B*5SK pmtein is shown v0'a to contain serotype-^eciGc functions 
necessary for complementation of El-<leleted admoviruses. If these fimctions are related 

35 to the regulation of mRNA distribution or another late viral frmction, it is unlikely that 
these are involved in the transformation efficiency. 
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Analysis of functional domains in the Ad2 or Ad5 E1B-5SK proteins using 
insertion mutants have revealed that functions related to viral replication^ late protein 
synthesis and host protein shut-off are not confined to specific domains but are 
distributed along the protein (Y ew et aL, 1990). Using the same set of mutants, the 
5 domains in^rtant for interaction with p53 and B4-0rfiS were found to be more 
restricted. In addition to one common binding region (amino acids 262 to 326), pS3 
binding was affected by mutations at aa 1 80 and E4-Orf5 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf a/., 1997). 

Altogether these results indicate that it is di£Bcult to sq>arate the E1B-S5K 
10 functions related to transformation (pS3 binding) and late protein synthesis (QrfS 
binding). 

Hie inv^tion discloses new El constructs that combine the high efficiency of 
transformation of one serotype with the serotype-specific conq)lem6ntation fimction of 
another serotype. These new constructs are used to transform priixiary hmnan embryonic . 

15 retinoblast cells and humiananmiocytes. 

In another aspect of the invention, the transforming £1 sequences are docived firom 
different serotypes. As disclosed in European Patent application 00201738^, Ad35 Bl 
sequmces are capable of transforming Baby Rat Kidney O^RK) cells, albeit with a lower 
efficiency than that seen with AdS El sequences. This was also observed for El 

20 sequences 6om Adl2 (Bernards et al.^ 1982). Therefore, in this aspect of the invention, 
primary diploid human cells or derivatives thereof are transfoimed with chimeric El 
construct that consists of part of the El sequences of a serotype that enables efficient 
transformation of primary human cells or derivatives tho^eof and part of die EI sequences 
of another serotype which El sequences provide the serotype-specific ElB function(s) 

25 that enable(s) efficient propagation of El-deleted viruses of that serotype. In a preferred 
embodiment of this aspect of the invention, the El A region is derived &om a subgroiq) C 
adenovirus, like, but not limited to, AdS, and the ElB coding sequences are derived &om 
. an alternative adenovirus naore particularly firom an adenovirus of subgroi^ B, more 
particularly firom adenovirus type 35. E1B-21K coding sequences may also be chimmc 

30 cotnprising both subgroup C and subgroiq) B coding sequences. Preferably, aU or most of 
E1B-21K compiises subgroiq) C coding sequences. In a more preferred embodiment, die 
ElA coding sequraces and flie E1B-21K coding sequences are derived from a subgroiq> 
C adenovirus, like, but not linsited to, AdS. In one embodiment the cell further comprises 
ElB-55k coding sequences that are, preferably, as £u* as not overlapping with the 2 IK 

35 coding sequences-derived from an adenovirus of subgroiQ) B, more particular jGrom 

adenovirus type 3S. In an even more preferred embodiment, all Bl coding sequences are 
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derived from a subgroiq) C adenovirus, like but not limited to Ad5, except for at least the 
part of tiie E1B-55K coding sequences that are necessary for serotype-specific 
complemeatation of an alternative adenovirus subgroip, more particular adenovirus 
subgroup B, more particular adenovirus type 35. The inventioxi also provides a packaguig 

5 cell line wherein Uie primary, diploid human cells or derivatives thereof have been 
transformed with a chimeric adenovirus El construct comprising part of a jBrst 
adenovirus El coding sequence of a first adenovirus serotype that enables efficient 
transformation of primary human cells and derivatives thereof and part of a second 
adenovirus Bl coding sequence of a second adenovirus serotype, wherein said second 

10 adenovirus Bl coding sequence provides fhe serotype-^ecific admoviius ElB 

function(s) that enable(s) efficient propagation of recombinant adenovirus El-deleted 
viruses of said second adenovirus serotype. Preferably, said first ad^ovirus serotype is a 
subgroi^ C adCTOvirus and said second adenovirus serotype is a siibgroiq) B admovirus, 
more particular adenovirus type 35. In one embodiment the packing cell line of the 

1 5 invention conoprises bovine adenovirus ElB-55k. Such a bovine BlB-55k ^pressing cell 
line is particularly suited for obtaining high yields of a conplemented bovine 
recombinant admovirus. 

The primary diploid human cells or derivatives thereof are transformed by adenovirus El 

20 sequmces either operatively linked on one DNA molecule or located on two separate 
DNA molecules. In the latter case, one DNA molecule carries at least part of the El 
sequCTces of the serotype enabling efficient transformation and the second DNA 
molecule carries at least part of the sequences necessary for serotype-specific 
complementation. Provided is also a hybrid constmct comprising El -sequences of the 

25 serotype enabling efficient transfimnation and El sequmces of anotiier serotype 
necessary for serotype-specific coiqplementation. The sequences providing serotype 
specific complementation xmy ofcourse also contain fiirther activities contributing to 
transfoimatiorL Preferably, said sequences enabling efficient transformation conqirise 
El A. Preferably said sequences and said sequences necessary for searotype specific 

30 complementation preferably conq)rise ElB sequences. More preferably said sequences 
enabling efficient transforming coniprise El A and E1B-21K sequences and said 
sequences necessary for seroQpe specific consplCTientation cornprise E1B-55K 
sequences. Provided also are cells transformed by such hybrid construct Such cells can 
favorably be used for Ihe pmpagation of recombinant El deleted adenovirus of said 

35 another serotype. Of course it is also possible to pmvide both functions of El sequences 
on separate constmcts. In all aspects, the sequences are operatively linked to regulatory 
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sequences enabling transcription and translation of the encoded proteins. Preferably a 
packaging cell of the invention further conqprises a DNA encoding at least E4-orfi5 of an 
adenovirus of subgroi^ B, preferably adenovirus sero^e 35. Preferably, said E4-orf6 is 
derived from said another serotype. Preferably said cell comprises E1B-55K and E4-orf6 
s of tfie same serotype as the recombinant vector to be propagated/coxqplemented or 
otherwise produced 

In another aspect of the invention, new packaging cells are described that are derived 
jfrom PER.C6 (ECACC deposit number 96022940; Fallaux et al., 1998) and contain 
Ad35-El sequences integrated into flieir genome. Hiese Ad35-El sequences are present 

10 in a functional expression cassette, but preferably do not contain sequences overlapping 
with sequences present in the recombinant viral vector. Preferably, the functional 
expression cassette consists of a heterologous promoter and poly-adenylation signal 
functionally linked to Ad35-El sequences. More specifically, the Ad3S-El coding 
sequences are functionally linked to the human phosphoglycerate gene promoter QiPGK) 

1 5 and hepatitus B virus poly-adenylation signal (HBV-pA). Preferably, Ad35-E 1 coding 
sequmces comprise the coding regions of the ElA proteins and the ElB promoter 
sequences linked to ElB coding sequra^ces up to and including the stop codon of the ElB 
SSK protein. More preferably, the Ad3S-£l sequences conq)ris6 nucleotide 468 to 
nucleotide 3400 of flie Ad35 wt sequence. To be able to select for transfected cells, a 

20 dominant selection marker like, but not limited to, the neo^ g^e has to be incorporated on 
the expression vector or the Ad35 expression vector is co-transfected with a separate 
expression vector mediating expression of the selection marker. In both cases, the 
selection marker becomes integrated in the cellular genome. Other AdS-El transformed 
cell lines like 293 (Graham et al, 1977) and 91 1 (Fallaux et ed,, 1996) or established 

25 human cell tines like AS49 cells maybe used vnthout departing from the present 
inventioa 

hi another aspect of the mvention, PER.C6-derived cells are desoibed liiat 
express functional Ad35 ElB sequences. In one embodiment, the Ad35-E1B coding 
sequmces are driven by the ElB promoter and terminated by a heterologous poly- 

30 adenylation signal like, but not timited to, the HB VpA. In a preferred embodunent, the 
Ad35-El B coding sequences are driven by a heterologous promoter like, but not limited 
to, the hPGK promoter or Elongation Factor-la (EF-la) prompter and termmated by 
a heterologous pA signal like, but not limited to, die HBVpA. These Ad35-E1B 
sequences preferably comprise the coding regions of the ElB 21K and the ElB 55K 

35 protems located between nucleotides 1611 and 3400 of the wild-type (wt) Ad35 

sequaice. More preferably, the Ad35-E1B sequences con5)rise nucleotides 1550 to 3400 
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of the wt Ad35 sequence. In an even more prefened enibodimenl^ the ElB sequences 
coxapn&e the coding sequences of Ibe E1B-S5K gene located betwem nucleotides 1916 
and 3400 of the wt Ad35 sequence. In an even more preferred embodiment a packaging 
cell line or a cell line of the invention lacks a functional coding sequence for ElB 21k. 
5 Such cell lines in general produce signiJScantly more recombinant adenovirus than ElB 
21KpositLve cell lines. 

The invention further provides a method for conq>lementing a recombinant 
adenovirus compdsing providing a packaging cell line or a cell line according to the 
1 0 invention^ with said recombinant adenovirus and cultuiing said cell to allow for 

coixq>lementation. In a prefixed embodiment said method further conq>rises harvesting 
complemented recombinant ad^ovirus. Preferably said reconsbinant adenovirus is 
derived from adenovirus subgroup B, More preferably said recombinant adenovirus is 
derived fiom adenovirus serotype 35. 

15 

In another aspect the invention provides a recombinant ad^K>V£rus obtained by a 
method of the invention or with a packaging cell of the invention. Such ad^ovirus can be 
obtained essentially fiee from contaminating wild type adenovirus, or rq)lication 
con[q>etmt adenovirus. Such recombinant adenovirus preparations are very suited for 

20 administration of therapeutic sequences to somatic tissues in vivo in for instance a gene 
therapeutic setting. Preferred are recombinant adenoviruses conqnising a deletion of 
nucleic acid ^coding at least one El-region proteiiL Preferably, such ad^ovirus further 
comprises a deletion of nucleic acid encoding at least one E3-region protein. Preferably, 
such adenovkus further conq;>rises a deletion of nucleic acid encoding at least one E4- 

25 region proteinu Preferably, such adenovirus further conq)rises a deletion of nucleic acid 
encoding at least E4-OrfiS protein. For this reason the invention also provides the use of a 
recombinant adenovirus of the invention for the preparation of a medicament 

With the term ElB-SSK protein as used herein, is meant the protein encoded by the ElB- 
30 region in an adraovirus serotype having a similar fimction in said serotype as provided by 
the E1B.55K protein Ad5. 

With the term B1B-21K protein as used herein, is meant the protein enclosed by the ElB- 
region in an adenovirus s^type having a similar function in said serotype as provided by 
the E1B-19K protein of AdS. The same terminology applies for the sequences encoding 
35 these proteins. When referring to Ad35*-El sequences fiom a specified nucleotide to 
nucleotide 3400 is meant "up to and including nucleotide 3400\ 
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Cell lines sxibject of this invention are useful for, among other things, the 
production of recombinant adenoviruses designed for gene tiierapy and vaccination. The 
cell Imes, being derived from cells of human origin, are also useful for the production of 
5 human reconibinant therapeutic proteins like, but not limited to human growth factors, 
human antibodies. In addition the cell lines are useful for the production of human viruses 
ofhCT than adeaovirus like, but not limited to, influenza virus, herpes sin:^)lex virus, 
rotavirus, measles virus. 

A prefixed derivative of primary, diploid human cells is the PER.C6 cell line (ECACC 
10 deposit number 960022940). 

It is within the skills of the artisan to provide for proteins having a similar function in 
kind as the adenovirus B 1 protein referred to in this document For instance a functiorud 
part may be provided and/or a derivative may be provided with a similar function in kmd, 
15 not necessarily in amount 

Such parts and derivatives are considered to be part of tiie invention, in as far as similar 
transforming^complementing and/or serotype specificity function is provided in kind, not 
necessarily in amount 

20 Brief Description of the Figures 

FIG. 1 : Bar graph showing the percentage of serum samples positive for neutralization 
for each human wt adenovirus tested (see^ Bxamplel for description of the neutralization 
assay). 

FIG. 2: Graph showing absence of correlation between the VP/CCIDSO ratio and tiie 
25 percentage of neutralization. 

FIG. 3: Bar graph presenting the percentage sera samples that show neutralizing activity 
to a selection of adenovirus sero^es. Sera w^e derived from healthy volunteers from 
Belgium and the UK. 

FIG. 4: Bar gr^h presenting tiie percentage sera samples that show neutralizing activity 
30 to adenovirus serotypes 5, 1 1, 26, 34, 35, 48 and 49. were d^ved from five 
different locations in Europe and the United States. 
FIG. 5: Sequence of human adenovirus type 35. 
FIG. 6: Map of pAdApt35IPl. 

FIG. 7: Schematic representation of tiie steps undertaken to constmct pWE.Ad35.pIX- 
35 rlTR- 

nO. 8: Map of pWE.Ad35.pIX-rITR. 
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FIG. 9: Map of pRSVAd35-Bl. 

FIG. 10: of PGKneopA. 

FIG. 11: Map of pRSVpNeo. 

FIG. 12: Map of pRSVhbvNeo. 

FIG. 13: Map of pIG£lA.ElB. 

HG. 14: Map of pIG135. 

FIG. 15: M^ of pIG270. 

FIG. 16: Map of pBrAd35.1eftrrR-pIX. 

FIG. 17: M^ of pBrAdSSJrfllTR-pIXAElA 

FIG. 18: Map of pBrAd35.A21K 

FIG. 19: Map of pBrAd35A55Kl 

FIG. 20: M^ of pBrAdSSASM 

FIG. 21: Schematic represoitation of Ad35-B1A/B1B deletion constnicts. 

FIG. 22: Map of pIG J5BL. 

FIG. 23: Map of pRSVneo4. 

FIG. 24: Mep of pIG35Bneo. 

FIG. 25: Map of pIG35.55K 

FIG. 26: Map of pIG535 

FIG. 27: Map of pIG635 

FIG. 28: Map of pIG735 

FIG 29: Map of pCC271 

FIG 30: M^ of pCC535s 

FIG 31 : M^ of pCR535ElB 

FIG 32: Msp of pCC2155s 

FIG 33: Map of pCC536s 

FIG 34: Map of pIG536 

FIG 35: Map of pBrAd35JPRn 

FIG 36: Map of pBrJ^5.PIinAE3 

FIG 37: Map of pWE^5.pIX-rITRAE3 

FIG 38: Alignment of E1B-21K (A) and E1B-55K (B) amino add sequences in pCC536s 
with wtAd5 and wtAd35 sequences. 
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Detailed Description of The Invention 
The invention is further explained by Ihe use of the following illustrative exaniples. 

5 EXAMPLES 

Exanople 1 

A high throughput assay for the detection of neutralizing activity in human serum 
To enable screening of a large amount of human sera for the presence of neutralizing 

■ 

10 antibodies against all adenovirus serotypes, an automated 96-we]ls assay was developed. 
Human sera 

A panel of 100 individuals was selected Volunteers (50% male, 50% female) 
were healthy individuals between ages 20 and 60 years old with no restriction for race. 
All volimteers signed an informed consent form. People professionally involved in 
15 adenovirus research were excluded. 

Approximately 60 ml blood was drawn in dry tubes. Within two hours after 
sampling, the blood was centrifuged at 2500 ipm for 10 minutes. Approximately 30 ml 
serum was transferred to polypropylene tubes and stored fix>zen at *20°C until further use. 
Serum was thawed and heat-inactivated at 56^C for 10 minutes and then aliquoted 
20 to prevCTtt rq>eated cycles of fieeze/thawing. Part was used to make five steps of twofold 
dilutions in medium (DMEM, Gibco BRL) in a quantity enough to fill out approximatdy 
70 96-well plates. Aliquots of undiluted and diluted sera were piqpetted m deep well plates 
(96-well format) and using a programmed platemate disfpensed in 100 ^1 aliquots into 96- 
well plates. This way the plates were loaded with eigjht different sera in diq>lo (100 
25 ^lAvell) according to the scheme below: 
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Where Sl/2 to S8/2 in columns 1 and 6 represent 1 X diluted sera and Sx/4, Sx/8, Sx/16 



and Sx/32 the twofold serial dilutions. Hie last plates also contained four wells filled mfh 
5 1 00 {il fetal calf serum as a negative control. Plates were kept at -20^C until further use. 



Preparation of human adenovirus stocks 

Prototypes of all known human adenoviruses were inoculated on T25 flasks 
seeded with PEILC6 cells (Fallaux et oLy 1998) and harvested i^on full CPE. After 

1 0 freeze/thawing 1-2 ml of the crude lysates was used to inoculate a T80 flask with PER.C6 
and virus was harvested at fiiU CPE. The timeframe between inoculation and occurrmce 
of CPE as well as the amount of vhus needed to re-infect a new culture, differed between 
serotypes. Adenovirus stocks were prepared by freeze/thawing and used to inoculate 3-4 
T17S cm^ three-layer flasks with PER.C6 cells. Ujpon occurrence of CPE, cells were 

1 5 harvested by tapping the flask, pelleted and virus was isolated and purified by a two-step 
CsCl gradient as follows. Cell pellets were dissolved in 50 ml 10 mM NaP04 buffer 
7.2) and firazen at-20''C. After thawing at 37**C, 5.6 ml sodium deoxycholate (5% w/v) 
was added The solution was mixed genfly and iucubated for 5-15 minutes at 3TC to 
completely lyse the cells. After homogenizmg the solution, 1 875 fil IM MgQ2 was 

20 added. After the addition of 375 jil DNAse (10 mg/ml) die solution was incubated for 30 
minutes at 37°C. Cell debris was removed by centiifugation at 1880xg for 30 minutes at 
RT without brake. The siq}eEnatant was subsequently purified fix)m protons by extraction 
with EREON (3x). The cleared siq>ematant was loaded on a IM Tris/HQ buffered 
cesium chloride block gradient (range: 1 .2/1 A g/ml) and centrifuged at 21000 ipm for 2.5 

25 hours at 1 0°C. The virus band is isolated after which a second purification using a IM 
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Tds/HCl buffered continues gradient of 1 .33 g^nd of cesium chloride was performed. The 
virus was then centiiiuged for 17 hours at 55000 ipm at lO^C. The virus band is isolated 
and sucrose (50 % w/v) is added to a final concentration of 1%. Excess cesium chloride is 
rraioved by dialysis (three times 1 hr at RT) in dialysis slides (Slide-a-Iizer, cut off 10000 
5 kDa. PiCTce, USA) against 1 .5 liter PBS siq;>plemented with CaCLz (0.9 mM), MgOi 
(0.5mM) and an increasing concentration of sucrose (1, 2, 5%). A&er dialysis, tiie virus is 
removed fix)m the slide-a-liz^ aftor which it is aliquoted in portions of 25 and 100 yl 
upon 'w^ch the virus is stored at -85°C. 

To determine the number of virus particles per milliliter, 50 (il of the virus batch 
10 is run on a high-pressure liquid chromatograph (HPLC) as described by Shabram et al 
( 1997). Viruses were eluted using a NaQ gradi^ ranging from 0 to 600 mM. As 
depicted in table I, the NaQ concentration by which the viruses were eluted differed 
significantly among serotypes. 

Most hunoan adenoviruses replicated well on PER.C6 cells with a few exceptions. 
15 Adenovirus type 8 and 40 were grown on 91 1-E4 cells (He et al^ 1998). Purified stocks 
contained between 5x10^^ and 5x10^^ virus particles/ml (VP/ml; see table I). 

Titration of purified human adenovirus stocks 

Adenoviruses were titrated on PER.C6 cells to determine the amount of virus 

20 necessary to obtain full CPE in five days» the length of the neutralization assay. Hereto, 
100}il medium was dispensed into each well of 96-well plates. 25 of adenovirus stocks 
pre-diluted 10"*, 10^ 10^ or 10^ times were added to column 2 of a 96-well plate and 
mixed by pipetting and down lOtimes. TbsailS )il was brou^t fixnn column 2 to 
coluzun 3 and again mixed. This was repeated until column 11 afterwhich25 )ilfix>m 

25 colunmll was discarded This way, serial dilutions in steps of 5 were obtained starting 
off from a pre-diluted stock. Then 3x10"^ PER.C6 cells (ECACC deposit number 
96022940) were added in a 100 volume and the plates were incubated at 37 ""C, 5% 
CO2 for five or six days. CPE was monitored microscopically. The method of Reed and 
Muensch was used to calculate the cell culture-inhibitmg dose 50% (CCID50). 

30 In parallel, identical plates were set up tiiat were analyzed using die MTT assay 

(Promega). In this assay, living cells are quantified by coloiimetric staining. Hereto, 20 |il 
MTT (7.5 mgr/ml in PBS) was added to the wells and incubated at 37 °C, 5% CO2 for 
two hours. Ibe siq>ematant was removed and 100 pi of a 20:1 isopropanol/triton-XlOO 
solution was added to the wells. The plates were put on a 96-well shaker for 3-S nainutes 

35 to solubilize the precipitated staining. Absorbance was measured at 540 nm and at 690 
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nm (background). By this assay, wells with proceeding CPE or full CPE can be 
distinguished. 

Neutralization assay 

96-well plates with diluted human serum samples were thawed at 37 ^C, 5% CO2. 
AdCTiovirus stocks diluted to 200 CC3D50 per 50 (il were prepared and 50 \i\ aliquots 
were added to columns 1-1 1 of die plates with seruna. Plates were incubated for 1 hour at 
37**C, 5% CO2. Then 50 fil PER.C6 cells at 6xl0Vml were dispensed in aU wells and 
incubated for 1 day at 37 °C, 5% CQ2- Supraiatant was removed using fiesh pipette tips 
for each row and 200^1 fresh medium was added to all wells to avoid toxic effects of the 
SOTim- Plates were incubated for another 4 days at 37 ^'C, 5% CO2. In addition, parallel 
control plates were set up in duplo with diluted positive control saa generated in rabbits 
and specific for each serotype to be tested in rows A and B and with negative control 
serum (FCS) in rows C and D. Also, in each of the rows E-H a titration was performed as 
described above with steps of five times dilutions starting with 200 CCID50 of each virus 
to be tested On day 5, one of the control plates was analyzed nucroscopically and with 
the MTT assay The experimental titer was calculated from the control titration plate 
observed microscopically. If CPE was found to be con5)lete, le. the first dilution in the 
control titration experiment analyzed by MTT shows clear cell death» all assay plates 
were processed. If not, the assay was allowed to proceed for one or more days until fidl 
CPE was apparent after which all plates w^ processed. In most cases, the assay was 
terminated at day 5. For Adl, 5, 33, 39, 42 and 43 the assay was left for six days and for 
Ad2 for eig^t days. 

A serum sample is regarded as "non-neutralizing" when, at the hi^est serum 
concentration, a maximum protection of 40% is seen conxpared to controls without 
serum. 

The results of the analysis of 44 prototype adenoviruses against serum firom 100 
healtiiy volunteers are shown in FIG. 1. As expected, the percentage of serum saniples 
that contained neutralizing antibodies to Ad2 and Ad5 was v&ry high. TTiis was also true 
for most of the lower numbered adenoviruses. Surprisingly, none of the serum samples 
contained neutralizing antibodies to Ad35. Also, the nimiber of individuals with 
neutraliang antibody titers to the serotypes 26, 34 and 48 was very low. Therefore, 
recombinant El-deleted adenoviruses based on Ad35 or one of the other above 
mentioned serotypes have an iii5)ortant advantage compared to reconibinant vectors 
based on Ad5 with respect to clearance of the viruses by neutralizdng antibodies. 
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Also, AdS-based vectors that have ^arts of) the capsid proteins involved in 
immunogenic response of the host replaced by the corresponding (parts of) the capsid 
proteins of Ad3S or one of the other serotypes will be less, or even not, neutralized by the 
vast majority of human sera. 
5 As can be seen in Table I, the VP/CCID50 ratio calculated from the virus particles 

per ml and the CC1D50 obtained for each vims in the experiments was highly variable, 
and ranged from 0.4 to 5 log. This is probably caused by different infection efficiencies 
of PER.C6 ceUs and by differences in replication efSciency of the viruses. Furthermore, 
diflferences in batch qualities may play a role. A high VP/CCID50 ratio means that more 

10 viruses were put in the wells to obtain CPE in 5 days. As a consequence, the outcome of 
the neutralization study migjat be biased since mor^ (inactive) virus particles could shield 
the antibodies. To check i^^edier this phenomenon had taken place, the VP/CCID50 ratio 
was plotted against the percent^e of s^imi sanxples found positive in the assay (FIG. 2). 
The graph clearly shows that there is no negative correlation between the amount of 

IS viruses in the assay and neutralization in serum. 

ExaiDqple2 

Ihe prevalence of neutralizing activity (NA) to Ad35 is low in human sera from different 
geographic locations 

20 In Bxan^le 1 the analysis of neutralizing activity (""NA'') m hunum sera from one 

location in Belgium was described. Strikingly, of a panel of 44 adenovirus serotypes 
tested, one serotype^ Ad3S, was not neutralized in any of the 100 sera assayed. In 
addition, a few sero^es, Ad26, Ad34 and Ad48 were found to be n^itralized in 8%, or 
less, of the sera tested. This analysis was further extended to other serotypes of 

25 adenovirus not previously tested and, using a selection of serotypes from the first screen, 
was also extended to swa from different geographic locations. 

Hereto, adenoviruses were propagated, purified and tested for neutralization in the 
CPE-inhibition assay as described in Exan^le 1. Using the sera from the same batch as in 
Exaii5>le 1, adenovirus serotypes 7B, 1 1, 14, 18 and 44/1876 were tested for 

30 neutralization. These viruses were found to be neutralized in, respectively, 59, 13, 30, 98 
and 54 % of the swa. Thus, of this series, Adl 1 is neutralized with a relatively low 
fiequCTcy. 

Since it is known that the frequency of isolation of adenovirus serotypes fit>m 
human tissue as well as the prevalence of NA to adenovirus serotypes may diffb* on 
35 dijSer^t geographic locations, we fiirther tested a selection of the adenovirus serotypes 
against sera from different places. Human sera were obtained from two additional places 
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in Eiirope (Bristol, UK and Leiden, ML) aod from two places in the United States 
(Stanford, CA and Great Neck, NY). Adenoviruses that were found to be neutralized in 
20% or less of tbe sera in the first screen, as well as Ad2, Ad5, Ad27, Ad30, Ad38, Ad43, 
were tested for neutralization in sera from the UK. The results of these experiments are 
5 presented in FIG. 3 . Adenovirus serotypes 2 and 5 were again neutraUzed in a hi^ 
percentage of human sera. Furthermore, some of the serotypes that were neutralized in a 
low percCTtage of sera in the first screen are neutralized in a higher percentage of sera 
bom the UK, for example, Ad26 (7% vs, 30%), Ad28 (13% vs. 50%), Ad34 (5% vs. 
27%) and Ad48 (8% vs. 32%). Neutralizing activity a^inst Adl 1 and Ad49 that were 

10 found in a xebtively low p^x^tage of sera in the fhst screen, are fou^ 

percentage of sera in this second screen (13% vs. 5% and 20% vs. 1 1% respectively). 
Serotype Ad3S that was not neutralized in any of the sraa in the first screen, was now 
found to he neutralized in a low percentage (8%) of sera Sxym the UK. The prevalence of 
NA in human sera from the UK is the lowest to s^typesAdll andAdSS. 

15 For fiirtfaer analysis, sera obtained fix>m two locations ia the US (Stanford, CA 

and Great Neck, NY) and firom The Netherlands (Leiden). FIG. 4 presents an overview of 
data' obtained with these sera and the previous data. Not all viruses were tested in all sera, 
except for Ad5, Adl 1 and Ad35. The overall conclusion firom this conq}rehensive screen 
of human sera is that the prevalence of neutralizing activity to Ad3S is the lowest of all 

20 serotypes throughout the western countries: on average 7% of the human sera contain 
neutralizmg activity (5 diffarmt locations). Another B-groiq) adenovirus, Adl 1 is also 
neutralized in a low percentage of human sera (average 11% in sera fix>m 5 different 
locationis). Adenovirus type 5 is neutraUzed in 56% of the human sera obtained fix>m 5 
different locations. Althou^not tested in all sera, I><grou|> serotype 49 is also 

25 neutralized with relatively low fiequeacy in samples fiiom Eim>pe and bom one location 
of the US (average 14%). 

In the herein described neutralization experiments, a serum is judged non- 
neutralizing wh^ in the well with the highest serum concentration, the mairiiTiiiTn 
protection of CPE is 40% conQ>ared to the controls wiihout smaxL The protection is 

30 calculated as follows: 

1% protection = OD corresp nndinp w ftll - QP virus control x 100% 

OD non-infected control - OD virus control 

35 As described in Exanople 1, the serum is plated in five diCf^ent dilutions ranging fiom 4x 
to 64x diluted. Therefore, it is possible to distinguish betwe^ low titers (z.a, 
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neutralization only in Hxe higjhest serum concentrations) and hig^ titers of NA (i.e., also 
neutralization in wells with the lowest serum concentration). Of the human sera used in 
our screen that were found to contain neutralizing activity to AdS, 70% turned out to have 
high titers whereas of the sera that contained NA to Ad3S, only 15% had high titers. Of 

5 the sera ftiat were positive for NA to Adl 1 only 8% had high titers. For Ad49» this was 
5%. Therefore, not only is the frequency of NA to Ad3S, Adl 1 and Ad49 much lower as 
compared to AdS, hut of the sera that do contain NA to these viruses, the vast majority 
has low titers. Adenoviral vectors based on Adl 1, Ad3S or Ad49 have therefore a clear 
advantage over AdS based vectors when used as gene tfaer^y vehicles or vaccination 

10 vectors in viva or in any application where infection efBciency is han^>ered by 
neutralizing activity. 

In the following exanq)les, the construction of a vector syst^ot for die g^eradon 
of safe, RCA-fiee Ad3S-based vectors is described. 

15 Bxaicple 3 

Sequence of the human adenovirus type 35 

Ad3S viruses were propagated on PER.C6 cells and DNA was isolated as follows: 
To 100 p.1 of virus stock (Ad35: 3.26x10*^ VP/ml), lOjil lOX DNAse buffer (130 mM 
Tiis-HCl pH7.5; 1,2 M CaCU; 50mM Mga2) was added. After addition of 10 yl 

20 IQmgr/ml DNAse I (Roche Diagnostics), the mixture was incubated for 1 hr. at 

Following addition of 2.5|il 0.5M EDTA, 3.2jil 20% SDS and l.Sfil ProteinaseK OEioche 
Diagnostics; 20n]gE/inl), samples were incubated at for 1 hr. Next, the viral DNA 
was isolated usmg the GENECUBAN spin kit (BiolOl Inc.) according to the 
manufacturer's instructions. DNA was eluted fiom the spin colunm witih 25 ^1 st^e 

25 MilliQ water. The total sequence was generated by Qiagen Sequence Services (Qiagen 
GmbH, Germany). Total viral DNA was sheared by sonification and the ends of the DNA 
were made blunt by T4 DNA polymerase. Sheared blunt fi-agments were size fractionated 
on agarose gels and gel shoes corresponding to DNA fragments of 1 .8 to 2.2kb were 
obtained. DNA was purified fiom the gel slices by the QIAquick gel extraction protocol 

30 and subcloned into a shotgun library of pUC19 plasmid cloning vectors. An array of 

clones in 96-well plates covering the target DNA 8 (+/- 2) times was used to generate flie 
total sequence. Sequencmg was p^oimed on P^kin-Elmer 9700 thecmocyclers using 
Big Dye Terminator chemistry and AmpUTaq FS DNA polymerase followed by 
purification of sequencing reactions using QIAGEN DyeEx 96 technology. Sequencing 

35 reaction products were then subjected to automated separation and detection of fisgments 
on ABI 377 XL 96 lane sequencers. Initial sequence results were used to generate a 
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contiguous sequience and filled in by primer walking teads on fbte target DNA 

or by direct sequencing of PGR products. The ends of the virus turned out to be absent in 
the shotgun library, most probably due to cloning di£5culties resulting firom the amino 
acids of pTP that remain bound to the UR sequences after proteinase K digestion of the 
5 viral DNA. Additional sequence runs on viral DNA solved most offiie sequence in those 
regions, however it was dif&cult to obtain a clear sequmce of the most terminal 
nucleotides. At the 5* end the sequence portion obtained was 5*-CCAATAATATACCT- 

3' (SEQ. LD. NO- ) while at the 3' md, Ihe obtained sequrace portion was 5*- 

AGGTATATTATTGATGATGGG-3* (SBQ. LD. NO. _). Most human adenoviruses 

10 have a terminal sequence 5*-CATCATCAATAATATACC-3' (SBQ. LD. NO. _). la 
addition, a clone representing the 3 ' end of the Ad35 DNA obtained after cloning the 
terminal 7 kb Ad35 EcoRI fragment into pBr322 also tumed out to have the typical 
CATCATCAATAAT... sequence. Therefore, Ad35 may have the typical end sequence 
and the differences obtained in sequencing directly on the viral DNA are due to artefacts 

IS correlated with run-off sequence runs and the presence of residual amino acids of pTP. 

The total sequence of Ad3S with corrected t^minal sequences is given in FIG. 5. 
Based sequence homology wifli AdS (Genbank # M72360) and Ad7 (partial sequmce 
Genbank # X03000) and on the location of open reading frames, the organization of the 
virus is identical to the general organization of most human adenoviruses, especially the 

20 subgtoiq) B viruses. The total length of the gmome is 34,794 basepairs. 

Exann)le4 

Construction of a plasmid-based vector system to generate recombinant Ad35-based 
viruses, 

25 A functional plasmid-based vector system to generate recombinant adenoviral vectors 
comprises the following conq>onents: 

1 . An adulter plasmid conoprising a left ITR and packaging sequences derived from 
Ad3S and at least one restriction site for msertion of an heterologous expression 
cassette and lacking El sequences. Furthermore, the adapter plasmid contains 

30 Ad3S sequences 3' from the ElB coding region including the pDC promote: and 

coding sequences enough to mediate homologous recombination of the adapter 
plasnud with a second nucleic acid molecule. 

2. A second nucleic acid molecule, comprising sequences homologous to the adapter 
plasmid, and Ad35 sequences necessary for the replication and packaging of the 

35 recombinant virus, that is early, intermediate and late genes that are not present in 

the packaging cell. 
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3. A packaging cell providing at least functional E 1 proteins capable of 
con9>l^enting the El function of Ad3S. 

Other methods for generating recombinant adenoviruses on complementing 
packaging cells are known in flie art, and may be applied to Ad3S viruses without 
5 departing fix>m the invention. As an exani^le, tibie construction of a plasmid-based system, 
as outlined above, is described in detail below. 

n Construction of Ad35 adapte r plagmids. 

The adapter plasmid pAdApt (described in International Patmt ^plication 

10 W099/S5 132) was first modified to obtain ad^ter plasmids that contain extended 

polylinkers and that have convenient unique restriction sites flanking the left ITR and the 
adenovirus sequence at the 3* end to enable libotttion of the adenovirus insert fix)m 
plasmid vector sequences. Construction of these plasmids is described below in detail: 

Adapter plasmid pAdApt was digested with Sail and treated with Shrinap Alkaline 

1 5 Phosphatase to reduce religation. A linker, conqwsed of the foDowing two 

phosphoiylated and annealed oUgos: ExSalPacF 5* - TCG ATG GCA AAC AGC TAT 
TATGGGTATTATGGGTTCGAATTAATTAA-S' (SEQ. LD. NO. _) and 
ExSalPacR 5 ' - TCG ATT AAT TAA TTC GAA CCC ATA ATA CCC ATA ATA GCT 
GTT TGC CA- 3' (SEQ. LD. NO. ) was directly ligated into the digested construct, 

20 thereby replacing fte Sail restriction site by Pi-Pspl, Swal and Pad. This construct was 
designated pADAPT+ExSalPac linker. Furthermore, part of the left ITR of pAdApt was 
amplified by PGR using the following primers: PCLIPMSF: 5'- CCC CAA TTG GTC 
GACCATCATCAATAATATACCTrATrrTGG-3' (SEQ. LD. NO. _) and 
pCLIPBSRGI: 5*- GCG AAA ATT GTC ACT TCC TGT G - 3* (SEQ. LD. NO. _). The 

25 anoplified fragmrat was digested with Muni and BsrGI and cloned into pAd5/Clip 
(described in International Patent Application W099/55132), which was partially 
digested with EcoRI and after purification digested with BsrGI, thereby re-inserting the 
left ITR and packagmg signal. Aft^ restriction enzyme analysis, the construct was 
digested with Seal and SgrAI and an 800 bp Augment was isolated &om gel and ligated 

30 into Scal/SgcAI digested pADAPT+BxSalPac linker. The resultmg construct, designated 
pIPspSalAdapt, was digested with Sail, depho^horylated, and ligated to the 
phosphoiylated ExSalPacF/ExSalPacR doublo-stranded linker previously mentioned. A 
clone in which the PacI site was closest to the ITR was identified by restriction axialysis 
and sequences wctc confirmed by sequence analysis. This novel pAdApt construct, 

35 termed pIPspAd£^t dius harbours two ExSalPac linkers containing recognition sequences 
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constnid; and wMch can be used to linearize the plasnud DNA prior to cotransfection 
with adenoviral helper firagments. 

In order to further increase transgene cloning permutations^ a munber of 
polylinker variants constnicted based on pIPspAd£q[>t For Ibis purpose^ pIPqpAd^t 
S was first digested with EcoRI and dephosphorylated. A linker conG^sed of the following 
two phosphoiylated and annealed oligos: BcolinkeH-: 5* -AAT TCG GCG CGC CGT 
CGA CGA TAT CGA TAG CGG CCG C -3' (SEQ. LD. NO. _J and Ecolinker-: 5* - 
AAT TGC GGC CGC TAT CGA TAT CGT CGA CGG CGC GCC G -3* (SEQ. LD. 
NO. ) was ligated into this construct, thereby creating restriction sites for AscI, Sail, 

10 EcoRV, Qal and Notl. Both orientations of this link^ were obtained, and sequ^ces 
were confirmed by restriction analysis and sequence analysis. The plasnud containing the 
polyhnker in the order 5* Hindm, I^pnl, Agel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, 
Nhel, Hpal, BamHI and Xbal was termed pIPspAd£q)tl while the plasmid containing the 
polyhnkCT in the order HSndm, Kpnl, Agel, Notl, Clal, EcoRV, Sail, AscI, EcoRI, Nhel, 

1 5 Hpal, BaroHI and Xbal was termed pIPspAdapt2. 

To facilitate the cloning of oflier sense or antisense constructs, a linker conQKised 
of the following two oUgonucleotides was designed, to reverse the polylinker of 









1 





ACC GOT ACC AAG CTF A-3* (SEQ. LD. NO. HindXba- 5*-CTA GTA AGC 
20 TTG GTA CCG GTG AAT TCG CTA GCG TTA ACG GAT CCT CTA G-3 ' (SEQ. LD. 

NO. ). This liiiker was hgated into HindlD/Xbal digested pIPspAd^t and the correct 

construct was isolated. Confirmation was done by restriction enzyme analysis and 
sequencing. This new construct, pIPspAdaptA, was digested witii EcoRI and the 
previously mentioned Ecolinker was ligated into this construct Both orientations of this 
25 linkCT ware obtained, resultiog in pff spAdapt3, which contains Ae polylinker in the order 
Xbal, BamHI, Hpal, Nhel, EcoRI, AscI, Sail, EcoRV, Clal, Notl, Agel, Kpnl and 
Hindm. All sequences were conjBrmed by restriction enzyme analysis and sequmciug. 

Adapts plasmids based on Ad35 were then constructed as follows: 
The left ITR and packaging sequence corresponding to Ad35 wt sequences nucleotides 1 
30 to 464 (FIG. 5) wete anopliJBed by PCR on wtAd35 DNA usmg the following piim^: 
lPrimer35Fl: 

25'-CGG AAT TCT TAA TTA ATC GAC ATC ATC AAT AAT ATA CCT TAT AG-3 ' 
(SEQ. LD. NO. _) 
Primer 35R2: 

35 5'-GGT GGT CCT AGG CTG ACA CCT ACG TAA AAA CAG-S' (SEQ. LD. NO. _) 
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AmpMcationinttoducesaPacIsiteattheS' end and an Avrll site at the 3* end of the 
sequence. 

For the amplification. Platinum P& DNA polymerase enzyme (LH) was used 
according to manufacturer's instructions, but with primers at 0.6 )iM and with DMSO 
5 added to a final concentration of 3%. Anq)lification program was as follows: 2 mni. at 
94**C, (30 sec. 94°C, 30 sec. at 56^*0, 1 min. at 68**Q for 30 cycles, foUowed by 10 min. at 

The PGR product was purified using a PGR purification kit (LIT) according to the 
manufacturer's instructions, and digested with Pad and AvrQ. The digested fiagment was 

10 theaa purified fiom gel usiiig the GENECLEAN kit (Bio 101, Inc.). The Ad5-based 

adapter plasmid pIPspAdApt'3 was digpsted with Avrll and then partially with PacI and 
fte 5762 bp fiagment was isolated in an LMP agarose gel slice and ligated with the 
abovemmtioned PGR firagment digested with the same enzymes and transformed into 
electrocoin>etent DHIOB cells (LTI). The resulting clone is designated pIPspAdApt3- 

15 Ad351ITR. 

In parallel, a second piece of Ad3S DNA was an^lified using the following 
primers: 

335F3: 5'- TGG TGG AGA TCT GGT GAG TAT TGG GAA AAC-3' (SEQ. LD. NO. 

20 435R4: 5* - CGG AAT TCT TAA TTA AGG GAA ATG C AA ATC TGT GAG G-3 ' 
(SEQ. LD. NO, _) 

The sequence of this firagment correspcmds to nucleotides 3401 to 4669 of 
wtAdBS (FIG, S) and contains 1.3kb of sequences starting direcfly 3 - firom the ElB SSk 
coding seqamce. Amplification and purification wei^ done as previously described 

25 herein for the firagment containing the left ITR and packaging sequence. The PGR 

fiagment was then digested with PacI and subcloned into pNEB193 vector (New England 
Biolaibs) digested with Smal and PacI. Hie integrity of tbe sequence of the resulting clone 
was checked by sequence analysis. pNEB/Ad35pF3R4 was then digested with Bgin and 
PacI and the Ad3S insert was isolated fix>m gel using the QIAExII kit (Qiagen). 

30 pIPspAdApt3-Ad351ITR was digested with B^ and then partially with PacL The 3624 
bp firagment (containing vector sequences, the Ad35 ITR and packaging sequences as 
well as the GMV promoter, multiple cloning region and polyA signal) was also isolated 
using the QIAExU kit (Qiagen). Both fi:agments w^e ligated and transfomiied into 
competent DHIOB cells (LTI). The resulting clone, pAdApt3SIP3, has the expression 

35 cassette from pIPq>Ad^t3 but contains the Ad35 left ITR and packaging sequmces and 
a second fiagment corresponding to nucleotides 3401 to 4669 firom Ad35. A second 
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version of the Ad3 S adapter plastoid having the multiple cloning site in the opposite 
orientation was made as follows: 

pDPspAdaptl was digested with Ndel and BgUI and the 0.7 kbp band containing 
part of the CMV promoter, the MCS and SV40 polyA was isolated and inserted in ftie 
5 corresponding sites of pAdApt35IP3 generating pAdApt35IPl (Fig. 6). 

pAdApt3S.LacZ and pAdApt3S.Luc adapter plasmids were then generated by 
inserting the transgenes from pcDNALacZ (digested with Kpnl and BamHI) and 
pAdAptLuc (digested with Hindm and BamHT) into the corresponding sites in 
pAdApt3SIPl. The generation of pcDNALacZ and pAdAptLuc is described in 
10 International Patent Application W099/55132. 

2^ Constniction of cosmid DWE.Ad35,pIX-rITR 

FIG. 7 presents the various steps undertaken to construct the cosmid clone 
contahiing Ad35 sequmces from bp 3401 to 34794 (end of the right ITR) that are 
15 described in detail below. 

A first PCR fragment ^DC-Ndel) was generated using the following prim^ set: 
535F5:5*-CGGAATTCGCXjGCCGCGGTGAGTATrGGGAAAA.C-3' (SEQ. 

LD. NO. _) 

635R6: 5'-CGC GAG ATC GTC TAG AGA ACA G-3' (SEQ. LD. NO. _) 
20 DNA polymerase Pwo (Roche) was used according to manufacturer' s 

instructions, however, with an ead concentration of 0.6 (iM of botii primers and using SO 

ngr wt Ad35 DNA as template. Amplification was done as follows: 2 min. at 94 °C, 30 

cycles of 30 sec. at 94 '^C, 30 sec. at 65 "C and 1 min. 45 sec. at 72 "C, followed by 8 mm. 

at 68 ""C. To enable cloning in the TA cloning vector PCR2.1, a last incubation with 1 unit 
25 siq>erTaq polymerase (HT Biotechnology LTD) for 1 0 min. at 72 ""C was performed. 

The 3370 bp anqplified fiiagment contains Ad35 sequences j&om bp 3401 to 6772 

with a NotI site added to the 5* end. Fragments were purified using the PGR purification 

kit(LTI). 

A second PGR fragment (Ndel-rlTR) was generated using the following primers: 
30 735F7: 5'-GAA TGC TGG CTT CAG TTG TAA TO -3' (SEQ. LD. NO. _) 

835R8: 5'- CGG AAT TCG CGG COG CAT TTA AAT CAT CAT CAA TAA TAT 
ACC-3' (SEQ. LD. NO. _) 

Aiiq>lification was done with pfic DNA polymerase (LTI) according to 
manufacturer's instructions but with 0.6 (iM of both primers and 3% DMSO using 10 
35 ngr. of wtAd35 DNA as ten^late. The program was as follows: 3 min. at 94 **C and 5 
cycles of 30 sec. at 94 •^C, 45 sec. at 40 **C, 2 mm.45 sec. at 68 ^C followed by 25 cycles 
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of 30 sec. at 94 ^'C, 30 sec. at 60 ^'C, 2 iniiL45 sec. at 68 ''C. To eaable cloning in the TA- 
cloning vector PCR2.1, a last incubation with 1 unit superTaq polymerase for 10 mm. at 
72 ""C was perfozmed. The 1.6 Idb amplified jfragment ranging from nucleotides 33178 to 
the end of tiie right ITR of Ad35, was purified using the PGR purification kit ( LTI). 
5 Both purified PGR firagmats were ligated into the PC3R2. 1 vector of the TA- 

cloning kit (Invitrogen) and transfonned into STBL-2 competent cells (LTQ. Clones 
containing the expected insert wore sequenced to confirm correct an:q)lification. Next, 
hofh firagmmts w^ excised fit>m the vector by digestion with NotI and Ndel and 
purified ftom gel using the GENECLEAN kit (BIO 101 , Inc.). Gosmid vector pWBl 5 

10 (Clontech) was digested with NotI, dephosphorylated and also purified &om gel. These 
three fragments were ligated and transformed into STBL2 coDq>etent cells (LTI). One of 
the correct clones that contained both PGR fragments was then digested with Ndel, and 
the linear fragment was purified fiiom^l using the GENEGLBAN kit Ad3S wtDNA 
was digested with Ndel and &e 26.6 kb fragment was purified from LMP gel using 

15 agarase enzyme (Eloche) according to the manufacturer's instructions. These firagments 
were ligated together and packaged using XI phage packaging extracts (Stratagene) 
according to &e manu&cturer's protocol. After infection into STBL-2 cells, colonies 
were grown on plates and analysed for presence of the complete insert One clone with 
the large fragment inserted in the correct orientation and having the correct restriction 

20 patterns after indq>endent digestions with three enzymes (Ncol, PvuII and Seal) was 
selected. This clone is designated pWE Ad35.pIX-rITR. It contains the Ad35 sequences 
from 3401 to the end and is flanked by NotI sites (FIG. 8). 

y) Generation of Ad3S based recombinant viruses on PER.C6. 

25 Wild ^e Ad3S virus can be grown on PER.C6 packaging cells to very high 

tit^. However, whether the Ad5-El region that is present in PBR.C6 is able to 
conq)lement El -deleted Ad3S recombinant viruses is unknown. To test this, PER.C6 cells 
were cotransfected with the above described adapter plasmid pAdApt35.LacZ and the 
large backbone fragment pWE Ad3S.pIX-rirR. First, pAd^t35.LacZ was digested with 

30 Pad and pWE.Ad35.pIX-rITR was digested with NotI. Without friither purification, 4 
Hgr of each construct was mixed with DMEM (LTI) and transfected into PER.C6 cells, 
seeded at a density of SxlO^ cells in a T2S flask the day before, using Lipofectamin (LTI) 
according to the manufacturer's instructions. As a positive control, 6|igr of Pad digested 
pWE Ad35.pIX-rITR DNA was cotransfected with a 6.7 kb Nhel fragment isolated from 

35 Ad3S WtDNA containing the left end ofthe viral genome including the El region. The 
next day, medium (DMEM with 10% EBS and lOmM MgCla) was refreshed and cells 
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were furlber incubated. At day 2 following the tiansfection, cells were trypsinized and 
transfmed to T80 flasks. Hie positive control flask showed CPE at five days following 
transfection, showing that the pWE.Ad35.pIX-rITR construct is functional at least in the 
presence of Ad3S-El proteins. The transfection with the Ajd3S LacZ adq>ter plasmid and 
5 pWE Ad35.pIX-rrrR did not give rise to CPE. These cells were harvested in the medium 
at day 10 and fireeze/tfaawed once to release virus fix)m the cells. 4 ml of Ibe harvested 
material was added to a T80 flask wiHi PER.C6 cells (at 80% conflumcy) and incubated 
for another five days. This harvest^e-infection was repeated for two times but there was 
no evidence for virus associated CPE. 

10 From this experiment, it seems that the Ad5-El proteins are not, or not well 

enough, capable of con9)lementing Ad3S recombinant viruses, however, it may be that 
the sequmce overly of the adapter plasmid and the pWE Ad3S.pIX-rITR backbone 
plasmid is not large enough to efiBciently recombine and give rise to a recombinant virus 
g^ome. The positive control transfection was done wilh a 6.7kb left end fragment and 

15 therefore the sequence overlap was about 3.5kb. The adapter plasmid and the 

pWB AdSS.pK-rlTR firagmeot have a sequence overlap of 1 .3kb. To check whether the 
sequence overly of 13 kb is too small for efScient homologous recombination, a 
cotransfection was done with PacI digested pWE AdSS.pK-rlTR and a PGR fi:agmeat of 
Ad3S wt DNA generated with the above mmtioned 3SF1 and 3SR4 using the same 

20 procedures as previously described herein. The PGR fragment thus contains left end 
sequences up to bp 4669 and, therefore, has the same overlip sequences with 
pWB.Ad35.pIX-rITR as the adf5>ter plasmid pAdApt35.LacZ, but has Ad35 El 
sequeaces. Following PGR column purification, the DNA was digested with Sail to 
remove possible intact teaq>late sequences. A transfection with the digested PGR product 

25 alone served as a negative control. Four days after the transfection, CPE occurred in the 
cells transfected with the PGR product and Ibe Ad35 pIX-rlTR fiagment, and not in the 
negative control. This result shows that a L3kb overlapping sequence is sufficient to 
generate viruses in the presence of Ad3SBl proteins. Frojn these experiments, we 
conclude that the presence of at least one of the Ad35.El proteins is necessary to generate 

30 recombinant Ad3S based vectors fix>m plasmid DNA on Ad5conq[>lementingceUl^ 
9 
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ExanmleS 

1 ) Constmction of Ad35 .E 1 expression plasmids 

Since Ad5-Bl proteins in PER.C6 ate incapable of complementing Ad35 
recond>iDant viruses efiBcienlly, Ad3S El proteins have to be expressed in Ad5 
5 con5)lementing cells (e.g^., PER.C6). Alternatively, a new packaging cell line expressing 
Ad35 El proteins has to be made, stardng from either diploid primary hmnan cells or 
established cell lines not expressing adenovirus El proteins. To address the jBxst 
possibility, the Ad3S El region was cloned in expression plasmids as described below. 

First, the Ad3S El region fiombp 468 to bp 3400 was amplified from wtAd35 
1 0 DNA using the following primer set: 

135F11: 5'-GGG GTA CCG AAT TCT CGC TAG GGT ATT TAT ACC-3' (SEQ. ID. 
NO._J 

235F10: 5'-GGT CTA GAG CTG GAG GTT AGT GAG TTT CTT CTC CAC TG-3' 
(SEQ. LD. NO. _) 
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This PCK. introduces a md EcoRI site at 
siteatthe3' mi. 

Amplification on 5 ngr. tenplate DNA was done with Pwo DNA polymerase 
(Roche) using tbe manufactuier's instructions, however, with both primers at a final 
5 concentration of 0.6 pM. The program was as follows: 2 min- at 94 ""C, 5 cycles of 30 sec. 
at 94 •C, 30 sec. at 56 and 2 min. at 72 "C, followed by 25 cycles of 30 sec. at 94"C, 30 
sec. at 60 *C and 2 min. at 72 °C, followed by 10 min. at 72 '^C. PGR product was purified 
by a PGR purification kit (LTI) and digested wifli I^nl and Xbal. The digested PGR 
fi:agmeDt was thea ligated to the expression vector pRSVhbvNeo (see below) also 
1 0 digested with Kpnl and XbaL Ligations were transformed into conq>6tent STBL^2 cells 
(LTI) according to manu&cturer's instructions and colonies were anal^ed for the correct 
insertion of Ad35El sequ^ices into tbe polylinker in between the RSV promoter and 
HBVpolyA. 

The resulting clone was designated pRSV Ad35-El (FIG. 9). The Ad35 sequences 

15 in pRSV Ad35-El wctc checked by sequaice analysis. 

pRSVhbvNeo was generated as follows: pRc-RSV (Ihvitrogen) was digested with 
Pvun, dephosphorylated with TSAP enzyme (LTI), and the 3kb vector fi^agment was 
isolated in low melting point agarose (LMP). Plasmid pPGKneopA (FIG. 10; described in 
International Patent Application W096/35798) was digested with Sspl coixqpletely to 

20 linearize the plasmid and facilitate partial digestion with PvuII. Following the partial 
digestion with PvuII, the resulting firagments were separated on a LMP agarose gel and 
the 2245 bp PviiII fragment, containing the PGK promoter, neomycin-resistance gene and 
HBVpolyA, was isolated. Both isolated fi^gments were ligated to give the expression 
vector pRS V-pNeo that now has the original S V40prom-neo-S V4()polyA expression 

25 cassette replaced by a PGKprom-neo-HBVpolyA cassette (FIG. 1 1). This plasmid was 
fiirther modified to replace the BGHpA with the HBVpA as follow: pRSVpNeo was 
linearised with Seal and fiirther digested with XbaL The 1 145 bp fragment, containing 
part of the Ainp gene and the RSV promoter sequences and polylinljxr sequence, was 
isolated fix)m gel using the GeneQean kit (Bio hic. 101). Next, pRSVpNeo was 

30 linearised with Seal and fiirther digested with EcoRI partially and die 3704 bp fragment 
containing the PGKneo cassette and the vector sequences were isolated from gel as 
above. A third fragment, containing the HBV polyA sequence flanked by Xbal and 
EcoRI at the 5* and 3* end respectively, was then generated by PGR anplification on 
pRSVpNeo using the following primer set 

35 3HBV-F: 5'- GGG TCT AGA GAT CCT TCG CGG GAG GTC -3^ (SEQ. LD. NO. _) 
and 
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4HBV-R: 5*- GGC GAA TTC ACT GCC TTC CAC CAA GC -3 * (SEQ. LD. NO. 

Anq)lificatiou was done with Elong^se enzyme (LTS) accoiding to the 
manufiEusturer's instructions with the following conditions: 30 seconds at then 5 
cycles of 45 seconds at 94 **C, 1 minute at 42 ''C and 1 minute 68 ''C> followed by 30 
5 cycles of 45 seconds at 94 "C, 1 minute at 65 **C and 1 minute at 68 **C, followed by 10 
minutes at 68 ""C. The 625 bp PGR fiagment was then purified using the Qiaquick PGR 
purification kit, digested with EcoRI and Xbal and purified fiom gel using the 
GENEGLEAN kit The three isolated firagments were ligated and transfoimed into DH5a 
competent cells (LTQ to give the construct pRSVhbvNeo (FIG. 12). In this construct, the 
1 0 transcription regulatory regions of Ihe RSV expression cassette and the neomycin 
selection marker are modified to reduce ov^l^ with adraoviral vectors that ofim 
contain GMV and SV40 transcription regulatory sequences. 

2) Generation of Ad35 recombinant viruses on PER,C6 cells cotransfected with an 

15 Ad35-El expression construct 

PEILG6 cells were seeded at a d^isity of 5 x 1 0^ cells in a T25 flask and, the next 
day, transfected with a DNA mixture containing: 
1 ^g pAdApt35.LacZ digested with Pad 
5 fig pRSVAd35El undigested 

20 2 [ig pWE.Ad35.pIX-rITR digested with Not! 

Transfection was done iising Lipofectamine according to the manu&cturer's 
instructions. Five hours after addition of the transfection mixture to the cells, medium 
was r^o ved and replaced by fi:esh medium. After two days, cells were transferred to 
T80 flasks and finther cultured. One week post-transfection, 1 ml of the medium was 

25 added to A549 cells and, the following day, cells were stained for LacZ expressioiL Blue 
cells were clearly visible after two horns of staining radicating that recombinant LacZ 
expressing viruses were produced Hie cells were further cultured, but no clear 
appearance of GPE was noted. However, after 12 days, clumps of cdls appeared in the 
monolayer and 18 days following transfection, cells were detached Cells and medium 

30 were then harvested, freeze-thawed once, and 1 ml of the crude lysate was used to infect 
PER.C6 cells in a 6-well plate. Two days after infection, cells were stained for LacZ 
activity. After two hours, 1 5% oftfae cells were stained blue. To test for flie presence of 
wt and / or rq>licating conq)eteQt viruses, A549 cells were infected with lliese viruses and 
fiirther cultured No signs of CPE were found indicating the absence of replication 

35 competent vuuses. These exp^iments show that reconibinant AdApt35.LacZ viruses 
were made on PEILC6 cells cotransfected with an Ad35'El e)q)ression construct 
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Ad35 recombmant viruses escape neutralization in bmnan serum containing neutralizing 

activity to Ad5 viruses. 

The AdApt35.LacZ viruses were then used to investigate infection in ihe presence 
of serum that contains neutralizing activity to Ad5 viruses. Purified Ad5-based LacZ 

5 virus served as a positive control for NA. Hereto, PHR.C6 cells were seeded in a 24-well5 
plate at a density of 2x10^ cells/well. The next day, a human serum san^le with high 
neutralizing activity to Ad5 was diluted in culture medium in five steps of five times 
dilutions. 0.5 ml of diluted serum was then mixed with 4x10^ vhiis particles 
AdApt5.LacZ virus in 0.5 ml medium and after 30 minutes of incubation at 37 ^^C, 0.5 ml 

10 of the mixture was added to PER.C6 cells in duplicate. For the AdApt35.LacZ viruses, 
0.5 ml of the diluted serum samples w^e mixed witfi 0.5 ml crude lysate containing 
AdApt35.LacZ virus and after incubation 0.5 ml of this mixture was added to PER.C6 
cells in duplo. Vims samples mcubated in medium without serum were used as positive 
controls for infection. After two hours of infection at 37 °C, medium was added to reach a 

15 final volume of 1 ml and cells were fiirfher incubated. Two days aftier infection, cells 
were stained for LacZ activity. The results are shown in Table IL From these results, it is 
clear that whereas AdApt5.LacZ viruses are efficieiitiy neutralized, AdApt35.LacZ 
viruses remain infectious irrespective of the presence of human serunt This proves that 
recombinant Ad35-bdsed viruses escq>e neutralization in human s^ that contain NA to 

20 Ad5-based viruses. 

Example 6 

Generation of cell lines capable of complementing HI -deleted Ad3S viruses 
Generation of pIG135 andpIG270 

25 Construct pIG.ElA.ElB (FIG. 13) contains El region sequmces of Ad5 

corresponding to nucleotides 459 to 35 1 0 of the wt Ad5 sequence (Genbank accession 
nunober M72360) operatively linked to the human phosphoglycerate kinase promoter 
(*TGK") and the H^atitis B Virus polyA sequences. Hie generation of this construct is 
described in International Patent Application No. WO97/00326. The El sequences of 

30 Ad5 were replaced by corresponding sequences of Ad35 as follows. pRSV-Ad35-El 
(described in Example 5) was digested vaUi EcoRI and Sse8387I and die 3 kb fragment 
corresponding to the Ad35 El sequences was isolated from gel. Construct pIG.BlA.ElB 
was digested witii Sse8387I completely and partially with EcoRI. The 4.2 kb fragment 
corresponding to vector sequences without the Ad5 El region but re taining the PGK 

35 promoter were separated from other fragments on LMP agarose gel and the correct band 
was excised from g^L Both obtained fragments were ligated resulting in pIG Ad35-El . 
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This vector was further modified to remove the LacZ sequences present in tbe 
pUCl 19 vector backbone. Hereto, the vector was digested with BsaAI and BstXI and the 
large fragment was isolated from gel. A double stranded oligo was prepared by annealing 
the following two oligos: 

5 IBBl: 5'-GTG CCT AGG CCA CGG (SEQ. LD. NO. _) and 

2BB2: 5*^TG GCC TAG GCA C-S' (SEQ. LD. NO. 

Ligation of the oligo and the vector firagment resulted in construct pIG135 (FIG. 
14). Correct insertion of Uxo oligo restores fhe BsaAI and BstXI sites and introduces a 
unique Avrll site. Next, we introduced a unique site at the 3* end of the Ad3S-Bl 

1 0 expression cassette in pIG135. Horeto, the construct was digested wifli S^I and the 3* 
protruding ends were made blimt by treatment with T4 DNA polymerase. The thus 
treated linear plasmid was furdier digested witii BsiGI and Ihe large vector-containing 
fragment was isolated from geL To restore the 3* end of the HBVpolyA sequence and to 
introduce a unique site, a PCR fragment was generated using the following primers: 

15 3270F: 5'- CAC CTC TGC CTA ATC ATC TC -3* (SEQ. LD. NO. _) and 

4270R: 5*- GCT CTA GAA ATT CCA CTG CCT TCC ACC -3' (SEQ. LD. NO. 

The PCR was performed on pIG Ad35.El DNA using Pwo polymCTase (Roche) 
according to the manufacturer's instructions. The obtained PCR product was digested 
with BsrGI and dephosphorylated using Tsap enzyme (LTI), the latter to prevent msert 

20 dimetization on the BsrGI site. The PCR. fragment and the vector fragment were ligated 
to yield constmct pIG270 (FIG. 15). 

Ad35 El sequences are capable of transforming rat primary cells 

New bom WAG/RU rats were sacrificed at 1 week of gestation and kidneys were 

25 isolated After carefiil removal of the capsule, kidneys were disintegrated into a sm^e 
cell suspension by multiple rounds of incubation in trypsin/EDTA QSTl) at 37 °C and 
collection of floating cells in cold PBS containing 1% FBS. When most of the kidney was 
ttypsinizied all cells were r^-suspended in DMEM si9>plemented with 10% FBS and 
filtered through a sterile cheesecloth. Baby Rat Kidney (BRK) cells obtained from one 

30 kidney were plated in 5 dishes (Greiner, 6 cm). When a confluency of 70-80% was 
reached, the cells were transfected with 1 or 5 figr DNA/dish using the CaP04 
precipitation kit (LTI) according to the manufacturer's instructions. The following 
constructs were used in separate transfections: pIG.ElA.ElB (expressing the Ad5-El 
region), pRSV.Ad35-El, pIGAd35-El and pIG270 (expressing the Ad35-El region). 

35 Cells were incubated at 37 ""Q 5% CO2 until foci of transformed cells appeared Table III 
shows the nunib^ of foci that resulted from several transfection experiments using 
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circular or linear DNA. As expected, the Ad5-El r^on eflBciently transfoimed BRK 
cells. Foci also s^peared in the Ad3S-Bl transfected cell layer although with lower 
efficiency. The Ad35 transformed foci appeared at a later time point: ^2 weeks post 
transfection conq)ared with 7-10 days for Ad5-El. These experiments clearly show that 
5 the El genes of the B groi^ virus Ad35 are capable of transfonning primary rodent cells. 
This proves the functionality of the Ad35-El expression constructs and confirms earlier 
findings of the transforming capacity of the B-group vimses Ad3 and Ad7 (Dijkema, 
1 979). To test whether the cells in the foci were really transformed a few foci were 
picked and expanded. From the 7 picked foci at least S turned out to grow as established 
10 cell lines. 

Generation of new packaging cells derived from primary human amniocytes 

Amniotic fluid obtained after amniocentesis was centrifiiged and cells were re- 
suspended in AmnioMax medium (LTT) and cultured in tissue culture flasks at 37 °C and 

15 10 % CO2. When cells were growing nicely (approximately one cell divisioii/24 hrs.), the 
medium was rq)laced witih a 1:1 mixture of AmnioMax complete medium and DMEM 
low glucose medium (LTT) supplemented witii Glutamax I (end concentration 4n3M, LTQ 
and glucose (end concentration 4.5 gc/L, LTI) and 10% FBS (LTI). For transfection ~ 
5x10^ cells were plated in 10 cm tissue culture dishes. The day after, cells were 

20 transfected with 20 fxgr of circular pIG270/dish using the CaP04 transfection kit (LTI) 
according to manu&cturer's instructions and cells were incubated overnight with the 
DNA precipitate. The following day, cells were washed 4 times with PBS to remove the 
precipitate and fiirther incubated for over three weeks until foci of transformed cdls 
appeared. Once a week the medium was replaced by fresh medium Other transfection 

25 agents like, but not limited to, LipofectAmine (LTI) or PEI (Polye&^enimine, hi^ 

molecular wei^t, water-free, Aldrich) were used. Of these three agents PEI reached the 
best transfection efBdency on primary human amniocytes: ^1% blue ceUs 48 hrs. 
Following transfection of pAdApt35. LacZ. 

Foci are isolated as follows. The medium is removed and replaced by PBS after 

30 which foci are isolated by gently scraping die cells using a 50-200 )il Gilson pipette with 
a disposable filter tip. Cells contained in '-I Opml PBS were brought in a 96 well plate 
containing 15 jil trypsm/EDTA (LTI) and a single cell suspension was obtained by 
pipetting up and down and a short incubation at room temperature. After addition of 200 
\i\ of the above described 1 : 1 mixture of AmnioMax conq)lete medium and DMEM with 

35 siqpplemCTls and 10% FBS, cells were further incubated Qones that continued to grow 
were e3q)anded and analysed their ability to complement growth of El-<leleted adenoviral 



wo 02/40665 



30 



PCT/NLOl/00824 



vectois of different sub-groups, specifically ones derived from B-groiq> viruses 
specifically fiom Ad35 or Adl 1. 

Generation of new packaging cell lines from HER ceUs 

5 HER cells are isolated and cultured in DMEM medium siq>pl^ented with 10% 

FBS (LTI). The day before transfection, ~5xl0^ cells are plated in 6 on dishes and 
cultured ovemi^t at 37 ''C and 10% CO2. Transfection is done using the CaP04 
precipitation kit (LTI) according to the manufacture's instructions. Each dish is 
transfected with 8-10 pmgr pIG270 DNA, either as a circular plasmid or as a purified 

1 0 Augment To obtain the purified fiagment, pIG270 was digested with Avrll and Xbal and 
the 4 kb firagmrat corresponding to the Ad35 El expression cassette was isolated fiom 
gel by agarase treatment (Roche). The following day, the precipitate is washed away 
carefiiUy by four washes with sterile PBS. Tlien fiesh medium is added and transfected 
cells are fiuther cultured until foci of transformed cells appear. When large enough (>100 

15 cells) foci are picked and brought into 96-weUs as described above. Qones of 

transformed HER cells Hiat continue to grow, are expanded and tested for their ability to 
complement growth of El -deleted admoviral vectors of different sub-groups specifically 
ones derived fix>m B-group viruses specifically fiom Ad3S or Adl 1. 

20 New packaging cell lines derived from PER. C6 

As described in Exan:q>le 5, it is possible to genemte and grow Ad3S El -deleted 
viruses on PERC6 cells with cotransfection of an Ad35-El expression constmct» e.g. 
pRSVAd35.El. However^ large-scale production of recombinant adraovinises using tins 
mediod is cumbersome because, for each amplification step, a transfection of the Ad3S- 

25 El construct is needed. In addition, tiiis method increases the risk of non-homologous 

» 

recombination between the plasmid and the virus genome with high chances of 
generation of recombinant viruses that incorporate El sequences resulting in replication 
conq)etent viruses. To avoid this, the expression of Ad3S-El proteins in PER.C6 has to 
be mediated by int^rated copies of the e3q)ression plasmid in the genome. Since PERC6 
30 cells are already transformed and express Ad5-E 1 proteins, addition of extra Ad35-El 
expression may be toxic for the cells, however, it is not impossible to stably transfect 
transformed cells with El proteins since Ad5-El expressing AMP cells have been 
generated. 

In an attenq)t to generate recombinant adenoviruses derived fix>m subgroup B 
35 virus Ad7, Abrahamsen etal.{\ 997) w^e not able to generate El -deleted viruses on 293 
cells without contamination of wt Ad7. Viruses that were picked after plaque purification 



wo 02/40665 



31 



PCT/NLOl/00824 



on 293-ORF6 cells (Brough et ai, 1996) wore shown to have incorporated Ad7 ElB 
sequences by non-homologous recombination. Thus» efQcient propagation of Ad7 
recombinant viruses proved possible only in the presence of Ad7-E1B expression and 
Ad5-E4-ORF6 expression. The BIB proteins are known to interact with cellular as well 

5 as viral proteins (Bridge et aL, 1993; White, 1995). Possibly, lie con5>lex formed 

between flie ElB 55K protein and E4-ORF6 which is necessary to increase mRNA ejqport 
of viral proteins and to inhibit e3q}ort of most cellular uaRNAs, is critical and in some way 
serotype specific. The above experiments suggest that the ElA proteins of Ad5 are 
capable of conq}lementing an Ad7-Bl A deletion and that Ad7-E1B expression in 

10 adenovirus packaging cells on itself is not enough to generate a stable complementing 
cell Ime. To test \^ether one or both of the Ad3S-ElB proteins is/are the limitmg factor 
in efBcient Ad35 vector propagation on PER.C6 cells, we have generated an Ad35 
adapter plasroid that does contain the ElB promoter and ElB secpiences but lacks the 
promoter and the coding region for ElA. Hereto, the left end of wtAdSS DNA was 

1 5 amplified using the primers 35F1 and 35R4 (both described in Example 4) with Pwo 
DNA polymerase (Roche) according to the manufacturer's instructions. The 4.6 kb PGR 
product was purified using the PGR purification kit (LTI) and digested with SnaBI and 
Apal enzymes. The resulting 42 kb fragment was then purified &om gel using the 
QIAExn kit (Qiagen). Next, pAdApt35IPl (Example 4) was digested with SnaBI and 

20 Apal and the 2.6 kb vector-containing fragment was isolated from gel using the 
GmeClean kit (BIO 101, Inc). Both isolated firagments were ligated to give 
pBr/Ad35.1eftITR-pIX (FIG.16). Correct amplification during PGR was verified by a 
functionality test as follows: He DNA was digested with BstBI to liberate the Ad35 
insert fit>m vector sequQQces and 4 [ig ofthisDNAwasco-transfectedwith4|xg of 

25 NotI digested pWE/Ad35.pIX-rrrR (Example 4) into PER.C6 cells. The transfected cells 
were passaged to T80 flasks at day 2 and again two days later GPE had formed showing 
that the new pBr/Ad35.1eftITR-pIX constmct contains functional El sequences. Hie 
pBi/Ad35.1efirrR-pDC construct was then fiulher modified as follows. The DNA was 
digested with SnaBI and Hindm and the 5 * Hindll ovediang was filled in using Klenow 

30 enzyme. Religation of the digested DNA and transformation into conpetent cells (LTI) 
gave construct pBi^AdSSleftrrR-pIXADE 1 A (FIG. 1 7). This latter construct contains the 
left Gad 4.6 kb of Ad35 except for ElA sequences between bp 450 and 1341 (numbering 
according to wtAd35, FIG. 5) and thus lacks the ElA promoter and most of the ElA 
coding sequences. pBr/Ad35.1efHTR-pIXADElA was then digested with BstBI and 2 ^ig 

35 oftbisconstnict.wasco-transfectedwith6^mgr of NotI digested 
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PWE/Ad35 .piX-rlTR (E3iainple 4) into PER.C6 cells. One week following 
transfection full CPE had formed in the transfected flasks. 

This experiment shows that the Ad3 5-Bl A proteins are fimctionally 
conq>lemeated by Ad5-El A ejipression in PBR.C6 cells and that at least one of the Ad35- 

5 ElB proteins cannot be conq)lemented by Ad5-El expression in PER.C6. It further 
shows that it is possible to make a complementing cell line for Ad35 El-deleted viruses 
by expressing Ad3S-ElB proteins in PER.C6. Stable expression of Ad35-E1B sequences 
from integrated copies in the genome of PER.C6 cells may be driven by the ElB 
promoter and temiinated by a heterologous poly-admylation signal like, but not limited 

lb to, the HBVpA. The heterologous pA signal is necessary to avoid overlap between the 
ElB insert and the recombinant vector, since the natural ElB temoination is located in the 
pIX transcription unit that has to be present on the adenoviral vector. Alternatively, the 
ElB sequences may be driven by a heterologous promote like, but not limited to the 
human PGK promoter or by an inducible promoter like, but not limited to the 7xtetO 

15 promoter (Gossen and Bujard, 1992), Also in these cases the transcription termination is 
mediated by a heterologous pA sequence, e.g. the HBV pA. The Ad3S-ElB sequences at 
least coiiq>rise one of the coding regions of the ElB 21K and the ElB SSK proteins 
located betwera nucleotides 1611 and 3400 of tiie wt Ad35 sequence. The insert may also 
ioclude (part of the) Ad3S-ElB sequences between nucleotides 1550 and 1611 of the wt 

20 Ad35 sequence. 

Exaasplel 

AdSS-^ased viruses deleted for El A and ElB-llKgqies efficientfy -propagaie on Ad5 
complementing cell lines. 

25 The generation of Ad35-based viruses that aro deleted for El A and rotain the fiill 

ElB region is described in Exan9)le 6 of this application. Such viruses can be generated 
and propagated on the Ad5 complementing cell line PER.C6. The ElB region conc5}rises 
partially overlapping coding sequences for the two major proteins 21K and 55K O^os et 
oLy 1981). Whereas during productive wt ad^oviral infection both 21K and 55K are 

30 involved in counteracting the ^ptose-inducing effects of El A proteins, the ElB 55K 
protein has been suggested to have additional functions during the late phase of virus 
infection. These include the accumulation of viral mRNAs, the control of late viral gene 
expression and the shutoff of most host mRNAs at the level of mKHA transport (Babiss 
et al., 1984, 1985; Pilder et al., 1986). A complex formed between E1B-55K and the 

35 0RF6 protein mcoded by the adenovhus early region 4 (Leppard and Shenk, 1989; 
Bridge and Ketaer, 1990) GKGCts at least part of these functions. 
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To analyze i^ch of the ElB proteins is lequired for propagation of Ad35-E1A 
deleted recombioant vimses on PER.C6 packaging cells, the ElB region in construct 
pBr.Ad35.1eftITR-pIXAElA (see Example 6 and FIG. 17) was further deleted. A first 
construct, pBr Ad35A2 IK, retains the full E1B-55K sequence and is deleted for ElA 
5 and E1B-21K: Hereto, pBrAd35 JefOTR-pIXAElA was digested with Ncol and BspEl 
and the 5 KB vector fragment was isolated from agarose gel using the geneclean kit (BIO 
101, Inc.) according to the manu&cturer's instructions. Then a PCR fragment was 
generated wifli pBr.Ad35.1efirrR-pIXAE lA as template DNA using the following 
primers: 

10 135D21: 5'- TTA GAT CCA TGG ATC CCG CAG ACT C-3' (SEQ. LD. NO. _) and 
235B3: 5*- CCT CAG CCC CAT TTC CAG-3' (SEQ. LD. NO. _J). 
3Anq>lification was done using Pwo DNA polymerase (Roche) according to 
manufacturer's recommendations with the addition of DMSO (final concentration 3%) in 
the reaction mixture. The PCR program was as follows: 94°C for 2% then 30 cycles of 

15 94°C for 30'*, 58**C for 30" and 72^C for 45'* and a final step at 68°C for 8' to ensure 
blunt ends. 

This PCR anq)lifies Ad35-E1B sequences fromnucL 1908 to 2528 (sequence 
Ad35, FIG. 5) and introduces an Ncol site at &e start codon of &e E1B-55K coding 
sequence (bold in primer 35D21). The 620 bp PCR fragment was purified using the PCR 

20 purification kit (Qiagea) and flien digested with Ncol and BspEI, purified firom agarose 
gel as above and ligated to the above described NcoI/BspEl digested vector fi:agmeQt to 
givepBrAd35A21K (HG. 18). 

Since the coding regions of the 21K and 55K proteins overlap, it is only possible 
delete part of the 55K coding sequences while retaining 21£L K&rcto, pBr.Ad35.1eftnRr 

25 pDCAElA was digested with Bgin and the vector fragment was religated to give 

pBr.Ad35A55Kl (FIG. 19). This deletion removes ElB coding sequences fix)mnucl. 
2261 to 3330 (Ad35 sequence in FIG. 5). In this construct the N-terminal 1 15 amino 
acids are retained and become fiised to 21 additional amino acids out of the proper 
reading frame before a stop codon is encountered. The 21K coding region is intact xa 

30 construct pBr Ad35A5 5 Kl . 

A third construct that has a deletion of ElA, 21K and most of the 5SK sequences 
was generated as follows. pBr Ad35.1eflITR-pIX (FIG. 16) was digested with SnaBI and 
Mfel (isoscluzomer of MunI) and the 5' overhang resulting from the Mfel digestion was 
filled m using Klenow enzyme. The 4.4 kb vector fiagment was isolated from gel using 

35 die g^eclean Idt (Bio 101, Inc.) according to the manufacturer's instructions and 
religated to give construct pBrAd35ASM (FIG. 20). In this construct, the Ad35 
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sequeaces between micL 453 and 2804 are deleted thus 596 nucl. of the 3' end of Blb- 
55K are retained. A further deletion of S5K sequences was made in construct 
pBrAdSSAElA. AeIB by digestion of pBrAd3S.lefUTR-pIX with SnaBI and BgUI, 
Klenow treatment to fill in the Bg^I cohesive ends, and religation. FIG. 21 shows a 

5 schematic r^resentation of the above mentioned constructs. 

To test whether Ad35-based viruses can be generated with these constructs, each 
of the constructs was cotransfected widi Not[ digested pWEAdSSpDC-rlTR (see Example 
4) onto P^.C6 cells. Hereto, the respective fiiBgments were PGR aziq>lified using 
primers 35F1 and 35R4 (see. Example 4). This PGR anplification was done since some 

10 of the constructs were difGcult to isolate in large enough quantities. Li this way, equal 
quality of the different adapter fisgments was ^isuted. For the amplification Pwo DNA 
polymerase (Roche) was used according to the manufacturer's instructions but with 
DMSO (3% final concentration)added to the PGR mixture. Of each tmiplate - 50 ng 
DNA was used. The conditions for the PGR were as follows: 94''G for 2% then 5 cycles of 

15 94*»G for 30**, 48*»G for 45'* and 72^G for 4* foUowedby 25 cycles of 94**G for 30**, 
60*^G for 30** and 72°G for 4* and a final step at 68^G for 8*. 
4PCR firagments were goierated fi^m pBr AdSSleftTTR-pIX, pBr AdSS.lefUTR- 
pIXAElA^ pBr-Ad35A21K, pBr . Ad35A55Klr pBr.Ad35ASM and 
pBr . Ad3 5 AE lAAE IB « All fiiagments were using die PGR purification kit (Qiagen) 

20 according to manu&cturer's instmctions and final concentrations were estimated on EtBr 
stained agarose gel using the Eagle Eye n Still Video system and EagleSight software 
(Stratagene) with die SmartLadder molecular weight marker (Eurog^itec) as refereuce. 
PER.C6 cells were seeded at a density of 2.5x10^ cells in a T25 culturing flask in DMEM 
containing 10% fetal calf serum (FGS) and lOmM MgS04 and cultured in a humidified 

25 stove at 37''G, 10% GO2. The next day, 3 mg of each of the PGR fitigments was 
cotransfected with 5 p^gr NotI digested pWE.Ad35pIX-rITR using 
LipofectAmine (GIBGO, life Technologies Inc.) according to the manufacturer's 
instructions. Two days after the transfection, all cells were passed to a T80 flask and 
further cultured Gultures were then monitored for the appearance of GPE. In line with 

30 the outcome of previous experiments described in Examples 4 and 6, pBr Ad3S JeftTTR- 
pIXandpBrAd35JeftITR-pIXAElA showed ahnost full CPE within one week 
following transfection. Of the fragmrats with different £1 B deletions only 
pBr Ad3SA2 IK showed GPE at the same time as the above two fragments. Gonstructs 
pBrAd35A55Kl, pBr.Ad35ASM and pBr .AdSSAElAAElB did not give GPE at 

35 all, also not after harvesting by fie^»4hawing and re-infection of the crude lysate onto 
firesh PER-G6 cells. 
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From these experiments, it cm be concluded lhat Ad35-E1B-55K, and not ElB- 
21K, is necessary for generation and propagation of Ad35-based viruses on Ad5 
complementing ceU lines. Therefore, Ad35-based viruses having a deletion of the ElA 
and BIB 21K genes and having Ihe B1B-55K gene or a ftmctional fragment Ihereo^ can 
be grown on Ad5 can?)lementing ceU lines. Alternatively, Ad35-based viruses can be 
grown on PER.C6 cells that stably express the full ElB region or the E1B-55K gene or a 
functional fragment thereof. The Ad35 E1B-55K gene or functional parts thereof may be 
fflq)ressed from a heterologous promoter, like, but not limited to, the human PGK 
promoter, the human cytomegalovhiis hnmediate early promoter (CMV), Rous sarcoma 
virus promoter, etc. and terminated by a heterologous poly adenyiation sequence (pA), 
like but not limited to the hepatitis B virus poly adenylatiott sequence (HBVpA), the 
Simian Virus 40 poly adenyiation sequence (SV40pA). etc. As non-limiting examples 
PER.C6 cells fliat ejcpress the Ad35-E1B region driven by the ElB promoter and 
HBVpA, PBR.C6 cells that express the Ad35-B1B region driven by the human PGK 
promoter and HBVpA and PER.C6 cells that express a functional fragment of Ad35 ElB- 
55K driven by the human PGK promoter and HBVpA are described below. 

Generation of pIG35BL andpIG35BS 

We desoibe flie generation of two expression constructs, pIG.35BS and 
PIG.35BL, that both carry the Ad35-E1B genes and a neomycin selection madrer. The 
two constructs differ in the length of the fragment contaniing the ElB promoter, hi 35BL 
the promoter fragment is longer and includes the 3' end of the BIA region (103 nucL 
codmg sequence and pA). The BIB region is tenmnated by the HBVpolyA, the neo' 
gene is 6avea by a hPGKpromota/HBVpA cassette. 

pIG.35BL was made as foUows. Construct pRSVAd35El (described in Example 5, FIG. 
9) was digested with Nrul and HindHI and the protruding ends were filled in by Klenow 
treatmeait The 7 kb vector fragment was sq)arated from flie smallCT fragment on gel and 
isolated usmg the geneclean kit (BIO 101, Joe.). After roUg^tion of Ae DNA and 
tiansfi>rmation into competent STBL2 cells (Gibco, LIT) correct clones were isolated 
pIG.35BL (FIG. 22) contains 273 nucl. upstream of the start site of the E1B-21K coding 
region. 

pIG.35BS was made in the same way as pIG.35BL except lhatpRSV-Ad35El was 
digested with Nrol and H^al (both enzymes leave blunt ends), resulting m a shorter 
fragment ij^istream of the coding region of E1B-21K: 97 nucleotides. 
To generate Ad35-E1B ejqiressmg cells, PER.C6 cells were seeded in 10 cm dishes at 
1x1 0* cells/dish. Two days later cdls were transfected with Seal linearised constructs. 
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Pour dishes were tiansfectedwifhl and foiir with 2 |xg DNA(totalof 16 dishes; 
Lipofectaioine (Gibco, LTT), no carrier DNA used) according to the manufacturer's 
uistructions. The next day, transfected cells received G418-containmg medium (0.75 
mg/ml). Control transfections using LacZ expression coiKStructs (2 \xg ) were stained 
5 after 48 hrs and showed a transfection efficiency of ~25%. Four days following addition 
of selection medium untransfected cells started to die and again three days later clones 
were becoming visible. A week later> the first clones were picked Transfection with 1 \ig 
resulted in less and also initially smaller clones (total ^^20 clones/dish against >S0 
clones/dish for the transfection with 2 |Jig DNA). The positive control transfection using 
10 2]xg pcDNA3 (Ihvitrogen) resulted in 50 clones. 

In total, 120 clones were picked and 107 were succesfuUy established (55 from pIG35BS 
and 52 j&om pIG35BL). 

Generation of pIG35Bneo 

15 pIG35Bneo is an Ad35-E1B expression plasmid from which the ElB genes are 

expressed from a heterologpus promoter (bPGK) and that also contains a neomycin 
resistance expression cassette. To avoid instability of the plasmid due to recombination 
events on homologous sequmces, the RSV promoter drives the neo** gene. To achieve 
this> construct pRSVhbv.Neo (described in £xanq)l6 5, FIG. 12) was digested with Seal 

20 and BanaHI and protruding eiuls were jfiUed in using Klenow enzyme. The 1070 bp 

fragment contaiaing part of the Airpicilin gene and the RSV promoter was isolated from 
gel using the geneclean kit (BIO 101, Inc.). Next, pRSVhbvNeo was digested with Seal 
and EcoRI, blunted with Klmow and the 3 .2 kb fragment containing the neo g^e» 
HBVpA, vector and part of the Anqjicilin gene was isolated as above. The two fragments 

25 were then ligated to give pRS Vneo4 (FIG. 23). Construct pIG270 (FIG. 1 5, described in 
Example 6) was then digested with EcoRI and Ncol and sticky ends were blimted wi& 
Klenow enzyme. The vector-containing fragment was isolated from gel as described 
above and reUgated to give pIG270delEl A. Ihis construct was digested with Avrll and 
Xbal and protruding ends were filled in using Klenow enzyme. The 2.9 kb fragment 

30 containing the hPGK promoter and Ad35.£lB sequences was isolated from gel as above. 
Next, pRSVneo4 was digested with Bglll, blunted with Klenow enzyme, 
dq>hosphor^ated and isolated from The blunted AvrII/XbaIAd35.ElBfragm^ 
was thm ligated with the above prepared pRS Vneo4 vector fragment and resulting clones 
were analysed. One clone that contained both expression cassettes in the same 

35 orientation was choosen and named pIG35Bneo (FIG. 24). Detailed analysis of this clone 



PCT/NLOl/00824 

WO 02/40665 

37 



revealed fliat an extra BgUI site was present probably due to an incomplete Klenow 
reaction (B^ site at nucl 2949 in FIG. 24). 

Generation of pIG35.55K 
5 Construct pIG35.55K is tdmilar to pIG35Bneo, however, U lacks the coding 

region of Ad35.ElB-21K. Hereto, bolh the ElA and E1B-21K sequences are first deleted 

fitompIG270 as follows: 

Construct pIG270 is digested with EcoRI, treated with Klenow aizyme and 
purified using a PGR purification kit (Qiageo) according to the manufecturer's 

10 instructions. The recovered DNA. is then digested with Agpl and the ~5 kb vector 

fiagment was isolated fiom gel as above. Next, Ad35 E1B-55K sequences sre amplified 
by PGR on pIG270 template DNA using the following primers: 
535D21: 5*- TTA GAT CCA TGG ATC CCG GAG ACT C-3' (SEQ. LD. NO. _) and 
635B3: 5'- CCT CAG CCC CAT TTC CAG-3' (SEQ. LD. NO. _). 

15 The conditions used for the amplification are as previously described. The PGR fragment 
is purified using the PGR purification kit (Qiagen) and digested with NcoL FoUowing 
Klenow treataoent to fill in the protrudmg ends, the DNA is fijrlher digested with Agpl 
and agam column purified. The thus treated PGR fiagment is then cloned into ttie above 
prepared EcoRI/Agel digested vector fragment to give pIG270.AElAA2 IK . The last 

20 steps to obtam pIG35.55K (FIG. 25) are equivalent to the last steps described above for 
the generation of pIG35Bneo starting with pIG270.AElAA21K instead of 
pIG270.AElA. 

pIG35.55K is then linearized with Seal and used to transfect PER-C6 cells as 
described above. Clones that are resistent to G418 selection are picked and analysed for 
25 thdr ability to coirplranent the propagation of Bl-deleted Ad35 viruses. 

Example 8 

New packagmg cell lines for the generation and propagation of Bl-ddeted Ad35- 
based vectors derived fiom i»imary human cdls. 

30 The con5>lete morphological transfonnatian of primary cells by adaiovirus Bl 

g^ is the result of flie combined activities of the protems encoded by the ElA and BIB 
regions. The roles of tiie difGarent El proteins in lytic infection and in transfonnation 
have been studied extensively (reviewed in Zantema and van der Eb, 1995; White, 1995, 
1996). The adenovirus ElA protems are essential for transformation of primary cells. 

35 The ElA proteins exert this eflfect Ihrou^ direct mteraction with a number of ceUular 
piotans that are involved in regulation of transcription. These include the pRB femily of 
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proteins, p300/CBP and TATA binding protein. In addition to tins BIA increases the 
level of p53 protein in the cells. In the absence of adenovirus BIB activity the rise in p53 
levels leads to the induction of apoptosis. Bodi proteins racoded by the BIB region 
counteract the induction of apoptosis althou^ by different mechanisms. BlB-llK seems 

5 to counteract apoptosis in a manner similar to Bcl-2 via interaction with the effector 
proteins downstream in the apoptosis pathway (Han et al.^ 1996), whereas E1B-5SK 
functions through direct interaction with p53. Inq)ortantly, the molecular mechanism by 
which the E1B-55K proteins of Ad2 and 5 (subgroiq) C) and Adl2 (subgroup A) function 
in the ability to neutralise p53 may differ. Whereas Ad5 B1B-55K binds pS3 strongly 

10 and the conqplex localises to the cytoplasm, Adl2 E1B-55K binds p53 weakly and both 
proteins are localised in the nucleus (Zantema et al.y 1985; Grand et al,, 1999). Both 
proteins, however, inhibit the transactivation of other genes by p53 (Yew and Beik, 
1992). 

In rodent cells, the activity of BIA together with either E1B-21K or S5K is 

1 5 sufficient for full transformation although expression of both BIB protons together is 
twice as efficient (Rao et al., 1992; ). Ih human cells however, the activity of the BIB- 
55K protein seems to be more important given the observation that E1B-55K is 
indispeosible for the establishment of transformed cells (Gallimore, 1986). 
Example 6 hereof describes the generation of pIG270. In this construct the Ad3S-El 

20 genes are expressed from the hPGK promoter and transcription is terminated by the 
HB VpA. The hPGK promoter constitutes a HincU-BcoRI fragment of the promoter 
sequence described by Singer-Sam et aL (1984). The HBVpA is located in a BanoHI- 
Bgin fragment of the Hepatitis B virus ^nome (Simonsen and Levinson, 1983; see also 
Genbank HB V-AF090841). As mentioned befijre, the promoter and polyadenylation 

25 sequences of the El expression constructs described in this invention may be d^ved 
from other sources whilhoutd^arting from the mveution. Also, other functional 
fragments of the hPGK and HBVpA sequences mentioned above may be used. 

The functionality of pIG270 was shown by transfom:iation of primary Baby Rat 
Kidney cells (BRK). Con^arison with an equivalent AdS-El expression construct 

30 leamed that Ad35-El g^es wore less efficient in transfom[iing these cells. The same has 
be^ found for the Bl genes of Adl2 (Bernards et al.y 1982). 

It is unclear which Bl protein(s) detem]]ne(s) the diEf^ence in transformation 
efficiency of El sequences observed for adenoviruses from dififerent subgroups. In the 
case of Adl2, transfection studies with chimeric EIA/BIB genes suggested that the 

35 efficiency of transformation of BRK cells was detemiined by the E 1 A proteins (Bernards 
et al., 1982). The E1B-55K protein is shown infra to contain serotype-specific functions 
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necessary for complementation of El-deleted admoviruses. If these functions are related 
to the regulation of mRNA distribution or another late viral function, it is unlikely feat 
these are involved in the transfoimation efficiency. 

Analysis of functional domains in the Ad2 or Ad5 E1B-55K proteins using 

5 insertion mutants have revealed that functions related to viral replication, late protein 
syndesis and host protein shut-off are not confined to specific domams but are 
distributed along the protein (Yew et al., 1990). Usmg the same set of mutants, the 
domains icoportant for intaaction with p53 and E40rfl5 were found to be more 
restricted In addition to one common binding region (ammo acids 262 to 326), p53 

1 0 binding was affected by mutations at aa 1 80 and E4-QrB5 binding was affected by 
mutations at aa 143 (Yew and Berk, 1992; Rubenwolf a/., 1997). 

Altogether these results indicate that it is difficult to separate the B1B-55K 
functions related to transformation ^53 binding) and late protein synthesis (OrflS 
binding). 

1 5 The invention discloses new El constructs that combine the high efficimcy of 

transfoimation of one serotype with die serotype-specific complementation function of 
another serotype. These new constructs are used to transform primary human embryonic 
retinoblast cells and human amniocytes. 



20 The generation of pIG535, pIG635 andpIG735 

Construct pIG535 contains the Ad5 El A region and ElB promoter sequences 
linked to the Ad35 ElB secpiences. Hereto, pIG270 (FIQ. 15; see example 6) was 
digpsfted with EcoRI and NcoL The 5.3 Id) vector fragment was then isolated from gel 
using the geneclean kit (BIO Inc, 101) according to the instmctions of the manufacturer. 

25 Next, constract pIG.El AJBIB (FIG. 13; see example 6) was digested with EcoRI and 
Xbal and the resulting 890 bp fi^gmeat was isolated as above. A third fragment was 
generated by PC31 amplification on pIG.El AEIB usmg the foUowing priroers: 
15E1 A-F: 5'- GAG ACG CCC GAC ATC ACC TG -3* (SEQ. LD. NO. _) and 
25E1B-R: 5'- CAA GCC TCC ATG GGG TCA GAT GTA AC -3* (SEQ. LD. NO. _). 

30 3The foUowing PGR program was used: 94^C for 2' foUowed by 30 cycles of 94^C for 
30'*, 60 °C for 30'* and 72 X for 1', and a final stqp at 72X for 10* to ensure blunt mds. 

The resulting 400 bp PGR fiagmeut was digested with Xbal and Ncol. After gel 
isolation as above, the three fragments were ligated and transformed into STBL-2 
bacteria. One colony containing all three fragmrats in the correct order was selected and 

35 designated pIG535 (FIG. 26). 
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Construct pIG63S contains the AdS ElA and a chimeric Ad5-Ad3S BIB regioa 
such that the 21K sequence is essentially from AdS and linked to the Ad35 B1B-55K 
sequences as &r as not overlapping with the 21K sequences. First, part of the AdS El 
sequences are anq>lifi6d by PCR using pIG.Bl AEIB as template and the following 
5 primers: 

4SAK:5'-GAGCGAAGAAACCCATCTGAG-3* (SBQ. LD. NO. _) and 
521S5R: 5'- GGT CCA GGC CGG CTC TCG G -3' (SEQ. I.D. NO. _). Amplification 
is accomplished with Pwo DMA polymerase (Roche) according to manufacturar's 
instructions. The 210 bp fragments is then purified fix>m the primer sequences using the 
10 PCR purification kit (Qiagen). 

A second PCR fiagment is amplified from pIG270 DNA as described above but 
with the following primers: 

621S5F: S'- CCG AGA GCC GGC CTG GAC -3* (SEQ. IJD. NO. _) and 

73SF10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG -3' 

15 (SEQ. LD. NO. 

The 1.3 kb axnph&ed fiugment is purified as above and mixed in a 1:1 molar ratio 
with the first PCR fi:agment Hie mixture is then first subjected to a PCR reaction 
without the addition of primers using Pwo DNA polymerase and the following program: 
94 °C for r and then 5 cycles of 94^C for 30**, 60 °C for 30", 72 °C for 90*', 

20 Subsequently, primers SAIC and 3SF10 are added at 0.6 concentration after which a 
last PCR an:q>lifies a 1 .S kb fiagment Hereto, tenq)erature was set as follows: 94 °C for 
2\ then 30 cycles of 94 «C for 30", 60**C for 30" and 72 ^C for 90", followed by a final 
step at 72^C for 10' to ensure blunt ends. The resulting product is purified using the PCR 
purification kit (Qiagen) as above and digested with B^nl and SbQ (isoschizomer of 

25 Sse8387I). Hie digested DNA is then isolated fiom gel using the gmeclean kit (BIO 
Inc., 101). Construct pIG.ElAElB is digested with Kpnl and Sbfl and the vector- 
containing firagment is isolated from gel as above. This fragment is ligated to the above 
prepared PCR product and the ligation mixture is transformed into STBL^2 cells 
(Gibco, LTT) according to manufacturar*s instructions. Hiis gives construct pIG63S (Fig. 

30 27). 

In construct pIG735, the border between AdS derived sequences and Ad35 
derived sequences is located more 3' than in construct pICj635. First, a BspBI site is 
introduced in the AdS sequence of construct pIG.El AEIB without changing the ammo 
acid sequence. Hereto, AdS sequences fix>m pIG.El AEIB are aiiq>liBed using Ae 
35 following PCR primers: 
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5AK: see above, and Bsp-R: 5'- GCT CTA GAC CTG CAG GOT AGC AAC 
AAT TCC GQA TAT TTA CAA G -3* (SEQ. LD. NO. Amplification is 
accomplished using Pwo DNA polymerase (Roche) according to Ihe mannfacturer's 
instruction. The foUowing PCRprogram is used: 94**C for 2' foUowed by 30 cycles of 
94*^0 for 30", 60 °C for 30'* and 72 for 30*% and a final step at 72°C for 10' to ensure 
blunt ends. The resulting 0.6 Id) fragment is purified as above and digested with K^nl 
and Sbfl and ligated to the above described KpnI/Sbfl digested pIGEl A.E1B vector 
fragmCTLt Selection of colonies after transformation of STBLr2 bacteria (Life Techn. 
hic.) gives construct pIG.ElA55K. pIG.ElA55K is then digested witii Sbfl and 
partially witii BspEL The 6.4 kb Sbfl-partial BspEI digested vector fiagment is then 
isolated from gel using the geneclean kit (BIO 101, Inc.). Next, pIG270 is digested with 
Bi^EI and Sbfl and the resulting 915 bp fi:agm«it is isolated &om gel as above. This 
fiagment is flien ligated to the above prepared Sbfl^artial BspEI digested pIG.El A55K 
vector fragment and transformed mto STBL-2 competent cells. This gives construct 
pIG735 (FIG. 28). Qones are analysed by restriction enzyme digestion and sequencmg to 
ensure correct ligation of the fragments. Constructs pIQ535, pIG635 and pIG735 can be 
used to generate complementing cell lines fix)m primary human cells as described m 
Example 6. 

Example 9 

PBR-C6-based complementing cell lines for El-deleted Ad35 viruses. 
PER.C6 cells w^e seeded in 10 cm culture dishes at a density of 3x10® cells/dish in 
DMEM (Gibco BRL) con5)lementBd withFBS (Gibco BRL) xsp to 10% and lOmM 
MgQa (4.9 M stock solution, Sigma). Two days later, 9 dishes were transfected with 1 jig 
Seal Unearised pIG35.55K DNA (see eacanq)le 7) and 9 dishes were transfected with 1.5 
Jig Seal linearised pIG35.55K DNA. Separate control dishes were transfected with 1 or 
1 .5 ng Seal linearised pAdApt35.LacZ to monitor transfection efBciency and with 1 or 
1.5 iig Seal linearised pcDNAnlsLacZ. pcDNA.nlsLacZ is a pcDNAS-basedplasnrid 
(Invitrogen) with the nlsLacZ gene (Bonnerotetal., 1987) driven by tiieCMViMomoter. 
pcDNA-nlsLacZ also contains aneo^ expression cassette. As a negative control one extra 
dish was transfected witii hnearised pAdApt35.LacZ, a construct that lacks the neo' 
selection gene. All transfections were perforaied with the LipofectAmine transfection kit 
([nvitrogeo/Life Technologies) according to manufacturers instructions using 5 ml 
LipofectAmine reagent/jxg DNA. Cells were incubated for 4 hrs wifli the transfection 
mixture after which the medium was replaced with PBR.C6 culture medium. The next 
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day mediian was replaced with culture medium containmg 0.5 mg^ml G41 8 (Gibco BKL) 
except in the two dishes that wa« transfected with 1 or 1,5 [ig pAdApt35.LacZ. These 
latter dishes were used to monitor LacZ expression two days foUowiug transf ectioiL After 
X-gal staining of tiiese cultures transfection efficiency was estimated at approximately 

5 40% with sligjitly more blue cells in the dish transfected with 1 .5 jAg DNA. Selection 
medium was refreshed twice weekly in the remaining transfected dishes. Within two 
weeks following first addition of selection medium most cells in the negative control 
dish (transfected with 1.5 ^g pAdApt35.LacZ) were dead. In the dishes transfected with 
pcDNAjilsLacZ cell clones were becomiag visible. Since the cells transfected with 

10 pIG35.55K seemed to be more resistent to G418, the concentration was raised to 0.75 
m^ml 3 weeks following transfection. TTiree days and seven days later a total of 196 cell 
clones were picked fiom the dishes transfected with pIG35.55K and seeded in separate 
wells of 96-well plates. 

15 Cells retaining after colony picking of two 10 cm dishes of the transfection with 1 jig 
pIG35.55K DNA were trypsinised, pooled and expanded to give pool PER55K(1.0) The 
same was done for two dishes of the 1.5 |jig transfection. The PBR55K(1 .0) cell pool was 
e:q)anded and seeded in 4 T25 flasks at a density of 3.5x10^ cells/flask for transfection to 
test vkus generation. In addition, 3 T25 flasks with parental PER.C6 cells were seeded at 

20 the same density. pAdApt35.eGFP (an adapter plasniid containing the green fluorescent 
protein as marker gene; see example 4) was digested with PacI to liberate the adenoviral 
sequences from the plasmid backbone. pWE Ad35.pIX-rITR (see exanaple 4) was 
di^sted with NotI to liberate the adenoviral sequences fix>m the cosmid backbone. 2 
flasks with PER.C6 cells and 2 flasks with PER55K(1.0) ceils were transfected with 2 ng 

25 digested pAdApt35.eGFP and 6 jig digested pWE.Ad35,pIX-rITR each. One flask of 
each cell Ime was transfected witfi 8 |ig pAdApt35.LacZ to monitor transfection 
eflficiency. The remaining flask with PER55K(1.0) cells served as a negative control and 
was treated as the others but did not receive the transfection mixture. AU transfections 
were performed with LipofectAmine (Invitrogen/Life Techn.) according to manu&cturers 

30 uistructions using for each transfection a total of 8 ^g DNA and 40 )xl LipofectAmine 
reagent The transfection mixture was removed after 4 hrs incubation and firesh culture 
medium was added Transfections were done the day aft^ seeding of the cells and again 
two days later cells in the T25 flasks were transferred to a T80 flask excq>t for the LacZ 
control transfections. These were stained with X-gal solution after mild fixation. Afta: 

35 five hours incubation with staining solution, tbe percentage of blue cells was estimated at 
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^jproximatdy 90% in both flasks diowing that transfection wait well for both ceD lines. 
Four days following the passage to the T80 flasks the transfected PER55K(1.0) cultures 
showed starting CPE (cytopafljogenic effect, indicative of virus repUcation) with 
approximately 100 events/flask. The untransfected PER55K(1 .0) cells were grown 
conflumt with no evidence of CPE. In the transfected PER.C6 cultures only three CPE 
evattts were visible in the conflumt monolayer of cells. Again tinree days lat», the 
transfected PER55K(1.0) cultures showed full CPE, wilh aU cells rounded and detached 
in clumbs. In contrast, in the PER.C6 cultures the few events of CPE had not progressed 
and cells were still in monolayer. This confirms earlier observations Uiat generation of 
El-deleted Ad35-based viruses on PER.C6 is very in^ciait Also the untransfected 
PER55K(1 .0) cultures showed, as expected, a confluent monolayer with no CPE. The 
ceUs and medium in ttie PER55K(1.0) flasks with fiill CPE were harvested and subjected 
to two fteeze/thaw cycles after which the cell debris was removed by centrifiigation at 
3000 rpm for 10 minutes in a table centrifuge. One of tiie resulting crude lysates was used 
15 to infect a ftesh culture of PER55K(1.0) cells in a T175 flask (1.5 nd/flask). Cells and 
medium were harvested at fiill CPE four days later. Hiis shows that mfectious virus had 
formed m the initial transfections. GFP expression was confirmed by fluorescent 
microscopy of A549 cells infected with the crude lysate. The crude lysate was tiirai used 
to analyse complementation of fliis El-deleted Ad35.AdApteGFP virus in tiie individual 
20 clones as described below. 

The above described clones that wctc picked fiom tiie pIG35.55K transfected PER.C6 
cells were expanded and were fimctionally tested for tiie abiKty to sustain ie|»Hcation of 
Ad35AdApteGFP. Hereto, tiie clones were seeded at two densities in 6-well plates and 

25 one day later infected witii 15 ml of tiie above described crude lysate. CPE was 

monitored tiie day after. Of tiie 146 clones tested in fliis way 19 gave full CPE at day 2 or 
3 and 68 gave full CPE at day 5 or 6. The remaining clones had only partial CPE or 
showed a few non-progressing events. Ihe latter wctb indisting ui sha b le from PHLC6 
cells that were talorai along as a negative controL 

30 Based on tiiese results a selection of 24 clones was made that wesre fiirflier screened for 
ttie abiKty to ^arate recombinant El-deleted viruses foUowing transfection of tiie 
pAdApt35.GFP adulter plasmid and tiie large pWE. Ad35.pIX-Trn{. cosniid clone. 
Hereto, clones were plated in T25 flasks and transfected wifli 2 jig of tiie adapter and 6 
^g of tiie bacldione plasinid using lipofectAmine as desaribed above. Two days 

35 foUowing tiie transfection, cells were transferred to T80 flasks to prevent oveiconflueacy 
of tiie cultures. Of tiie 24 clones 5 gave fiill CPE fliree days after passage to T80 and 
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another 13 clones gave progressing to full C3PE the day after. The remaining 6 clones 
showed no CPB or only starting. In conq>arison: routine generation of £l-deleted Ad5 
vectors on PER-C6 cells generally results in full CPE four to six days after transfer to T80 
flasks. 

5 Tliis shows that the new clones efi&ciently complement El-deleted adenovirus vectors. 
One of the clones (clone #16) described above was used to generate and produce multiple 
batches of Bl and E1/E3 deleted Ad35 vuiises containing different transgenes. Hereto, 
virus in crude lysates resulting &om transfections as described above, but using different 
adapts plasmids, were plaque purified on the new cell line. Sin^e plaques were tested 

10 for transgene activity and then anq)lified for medium scale production in 4-8 triple layer 
flasks (3x175 cm/flask). Cells were harvested at full CPE and the virus was released and 
purified as routinely done for adenoviruses and described in exanq>le 1. The extraction 
step with firon to remove cellular debris was, however, replaced by a centrifugation step. 
Thus afler incubation with Dnasel, the cell dsbds was centrifugated in conical SO ml 

1 5 tubes (Greiner) at 8000 rpm in a table top centrifuge (Beckman CoultCT Allegra 21R with 
fixed angle rotor) for 30 minutes at 4^C. This step is repeated in a finesh 50 ml tube untill 
the supernatant was clear (usually one time). The amount of virus particles was 
determined by HPLC (Shahram et al., 1997). Table IV presents Ihe yields alter 
downstream processing of medium scale productions of El- and El/B3-deleted Ad35 

20 viruses on triple layer flasks with PER55K clone #16 cells. The amount of purified virus 
particles is corqparable with tiie yields of AdS-based vectors on PER.C6 cells. 

We conclude that we have generated multiple cell lines (hat efficiently complem»t fully 
El-deleted Ad354>ased vectors. Hius, Ad3S E1B-55K expression in an Ad5 
25 complementing cell line facilitates replication of Ad35 vectors. 

Exanmle 10 

New complementing cell lines fiom primary cells 

30 Exan:q>le 8 described the generation of construct pIG535, a hybrid Ad5El A-Ad35 ElB 
expression plasmid. pCC536s and pIG536 are also hybrid Ad5-Ad35 El constructs but 
with the El A region, ElB promoter and most of the E1B-19K gene derived fiom Ad5 
and most of the E1B-55K gene derived Scorn Ad35. Constructs pCC536s and pIG536 
differ only in the heterologous poly adenylation sequence that terminates the ElB 

35 transcript: pIG536 has the HBV pA sequence and pCC536s has a synthetic pA sequence 
(SpA). The SpA sequence consists of the i^tream sequence element (USE) of the human 



wo 02/40665 PCr/NMl/00824 

45 



C2 coiDplemesQt gene (Moreiia et aL, 1995) and iJie synthetic pA sequence (SPA) 
described by Levitt et al., 1989. 

The synlhetic polyA sequence is build vp using the following oligo's: 

C2SPA-1: 5'- CCC TCC AGG GAC TTG ACT CAT OCT TGT TTC ACT TTC ACA 

TCG AAT TTC CCA GTT ATG AAA TTA ATA AAG -3' 

C2SPA-2: 5'- (JVC TAG ACA CAC AAA AAA CCA ACA CAC TAT TGC AAT QAA 
AAT AAA TTT CCT TTA TTA ATT TCA TAA CTG -3' 

OUgonucleotides were mixed at lOjiM concaitration in Ix annealing buffer (lOmM Tris 
HCl pH 7.5, lOOmM NaCl. ImM BDTA) and, using a PGR machine, flie solution was 
heated to 94°C for 5 minutes and then cooled down to 65°C at 0.5°C / second and after 
incubation at 65 °C for 5 minutes fiirlher cooled down to 20°C at 0.05 °C / second. 
SubsequenUy, 10 jU 2niM dNTPs, 0.5 ^1 IM MgC12 and 3 pi BCIenow fragment (New 
England Biolabs) was added to 87 (U of the annealed sample and the mixture was 
incubated at room temperature for 30 minutes. 1 \il of the annealed and Klenow treated 
sample was then amplified using Ihe following prinoas: 
C2fon 5'- CGG GAT CCC CTG CAG GGA CTT GAC -3 ' 
and 

SPAiev: 5'- TTC CGA CTT AAG TCT AGA CAC ACA AAA AAC C -3' using Pwo 
DNA polymerase (Roche) according to manufacturers instractions but with addition of 
DMSO (Sigma) to a final concentration of 3%. The PCR program was set at 94°C for 2 
minutes. fbUowed by 30 cycles of (94 "C for 30", 55°C for 30" and 72»C for 20"). 
Where in this document PCRprograms are des(arift>ed • means time in minutes an^ 

means time in seconds. The ampUfied DNA was then purified usmg the QIAquick PCR 
purification kit (Qiagen) and digested with Xbal and SbfL llie digested product was dien 
again purified with the PCR purification kit to remove the small digested ends. Construct 
pIG270 was also digested with Xbal and Sbfl (isoschizomer of Sse8387r) and die 
resulting 5.9 kb vector ccmtaniing fragment was isolated from gel using Ihe GaieQean n 
kit (BiolOl, Lac). Hie treated vector and PCR insert were then ligated to ^ve pCC271 
(Figure 29). pCC271 thus contams Ihe PGK promoter, fee Ad35 El region (nud. 468 to 
and including 3400 bom Ad35 sequence m cxsaaaple 3 and figure 5) and the synthetic pA 
(SpA). The synthetic pA sequence was then also cloned into the construct pIG535 as 
follows. 

pIG535 was digested with EcoRI, PstI and Seal (All enzymes fiom New England Biolabs 
digested m NEB buffer 3) and the 3 H> insert conesponding to chimeric Ad5-Ad35 El 
region was purified usmg Ihe GeneQean H kit (Bio 101, Inc.). Construct pCC271 was 
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digested with BcoRI and Psd and the 3 kb vector fragment containing the Sp A and PGK 
pxomoter was isolated as above. Both isolated firagmmts were ligated and transfonned 
into STBI^2 conapetoat cells (Invitrogen/IifeTechnologLes) to give pCC535s (Figure 30). 
pCXSSSs contains the same Ad5-Ad35 El sequraces as pIGS3S however, a different pA 
5 sequence. 

For the construction of pCCS36s, a subclone was made with the new hybrid ElB 
sequences. Hereto, Ad5 ElAyElB21iC sequences were amplified using the primers 
5AK: 5'- GAG CGA AGA AAC CCA TCT GAG- 3' and 

2155R: 5'- GGT CCA GGC CGQ CTC TCG G-3' with pIG.BlA.ElB (see exaanple 6 
10 and Figure 13) as teinplateDNA using Pwo DNA poljmerase (lloche) accordm 
manufacturers instructions and in addition a final concentration of 3% DMSO. The 
program was set at 94'^C for 2* foUowed by 30 cycles of (94°C for 30*', 58^C for 30*' 
and 72^C for 30") and ended with eS^'C for 8\ This resulted in a 210 bp fragment 
corresponding to nucL 2022-2233 of &e Ad5 sequence. A second PCR was performed on 
1 5 pCC27 1 with primCTS 

2155F: 5'- CCG AGA GCC GGC CTG GAC C-3* and 

35F10: 5'- GCT CTA GAC CTG CAG GTT AGT CAG TTT CTT CTC CAC TG-3'. 
The same PCR program was used but now with an elongation time of 90". The resulting 
13 kb fi:agment corre^nds to nucl. 21 12 to 3400 of the Ad35 sequence with an Sbfi site 
20 at flie 3*end. Note that primers 21 SSF and 2155R are fiiUy complementary allowing 
assembly of the two fiagments as follows: 

Both PCR fragments were purified from gel using the Qiagen gel extraction kit Ahquots 
of the purified 8anq>les were then mixed in equimolar ratio and used as t^iqplate for an 
assembly PCR anq)lification with primers 5AK and 35F1 0 with Pwo DMA polymerase as 

25 above using the program settings: 

94*^C for 2\ and 5 cycles of (94*'C for 30", 60^C for 30" and 72X for 2') foUowed by 
25 cycles of (94^C for 30", 58^C for 30" and 72 °C for 90"). The resulting 1.5 ld> 
fragment was purified from gel using the QIAquick gel extraction kit (Qiagen), ligated to 
the pCR-Script/Amp cloning vector (Stratagene) and transformed into DH5a competent 

30 cells (hivitrogen/Life Technologies) resulting in pCR535ElB (Figure 31). This constmct 
was (decked by restriction analysis and sequencing to confirm correct arrq>lification of 
target sequences. 

pCR535ElB was then digested with NotI and protruding ends were made blunt with 
Klenow fiagmeoL The DNA was then purified using the QIAquick PCR purification kit 
35 (Qiagen) and eluted DNA was di^sted with Pstl. The 1 .5 kfo fragmrat containing the 
chimeric Bl sequences from the pCR53SBlB vector was purified from gel using the 
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Geneaean U kit (BiolOl . lac). Vm fragment was Ugated to vector pCC535s digested 
with PvuH and PstI, and transfoimed into STBL-2 coxnpetent cells (Invitrogsn/Iife 
Technologies) to give pCC2155s (Rgure 32). To complete the pCC536s construct Ad5- 
El sequences were then cloned into flie pCC2155s subclone. Hereto. pIG.BlA.BlB was 
digested with EcoRI and Kpnl and the 1.6 Kb fragment corresponding to Ad5 ElA and 
Ad5 BIB 21K (micl. 459 to 2048 of the Ad5 sequence) was isolated from gel using the 
GeneOean kit pCC2155s was digested with EcoRI and Kpnl and the vector containing 
fragment was also gd purified. Ligation of both isolated fragments and transformation 
into DHIOB electrocompetent cells (Invitrogen/Life Technologies) resulted in pCX::5368 
(Figure 33). The hybrid BIB sequences are shown in Figure 38 m more detaU. nG38A 
shows an aUgnment of protein sequences of E1B-21K in the pCC536s construct with wfld 
type (wt) Ad35 and Ad5 sequences. As can be seen most of the E1B-21K protein in 
pCC536s is derived from Ad5 except for the C-tetminal 6 amino acids that are identical 
to Ad35 E1B-21K. Figure 38B shows the same alignment for the B1B-55K proteins, hi 
this case the N-terminal amino adds of pCC536s are identical to Ad5 upto aa 65. The 
remainder is identical to Ad35 E1B-55K- Obviously, different hybrid B1B-55K 
constructs can be designed usmg flie general method oulmed above whilhout d«?)arting 
&om the invention. 

Construct pIG536 was made by repladng a fragment with the SpA in pCX::536s with the 
oonesponding fragment from pIG270 (exanq)le 6, Figure 15) containing flie HBVpA 
Hereto. pIG270 was digested with BamHI and Bgll and the 1.8 kb insert was isolated 
from gel using the GeneQean H kit (Bio 101, Lie). pCC536s was digested with the same 
enzymes and the 4.8 kb vector containing fragment was purified from gd as above. 
Ligation of both isoUited fragments and transfoimatian mto S'IBL-2 conq?eteat cells 
(hrvitrogai/Life Technologies) gave construct pIG536 figure 34). 

The generated El constructs were tested in primary baby rat kidney (BRK) cells as 
described in example 6. The results (Table V) confirm eariier observations fliat Ad5-El 
genes more effidaitiy transform primary BRK cdls than Ad35 El genes. The chimeric 
Ad5-Ad35 El expression constmcts, pCC535s and pCC536s, produced more transformed 
colonies flian the fidl Ad35 El constructs, pIG270 andpCC271 . Fur&ermore, the use of a 
synthetic poly adenyiation sequence in pCC535s resulted in sUghtly more fod compared 
to the HBVpA variant pIG535. 

Human embryonic retinoblast (HER) cdls were isohted from the eyes of d)orted fetuses 
of 18 and 21 wedcs of age. Ihe eyes were brought in a 6 cm dish with PBS and cleared 
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from outside tissue. An incision was made to reach the inner side and the gray cell layer 
at the inner back of the eyes containing the retinoblasts, was scraped off. This layer was 
transferred to a 14 ml tube in 2ml of PBS and tissue was allowed to sediment after which 
the PBS was removed. 2 ml trypsin (0.25%, no EDTA, GibcoBRL) was added and 

5 incubated for 5 minutes at 3T*C wifli occasional swirling. Tissue pieces were allowed to 
sediment and 1 ml trypsin with cells was transferred to a new tube. To tiiis tube 4 ml 
culture medium (DMEM with 10% FCS) was added and the tube was stored on ice. The 
remaining tissue pieces in trypsin were brou^t in a 6 cm dish and cut into smaller pieces. 
These were, after addition of 2 ml fresh trypsin^ again incubated in a 14 ml tube at 3TC 

1 0 with occasionally swirling. Then this mixture was added to the first isolated cells in 
culture medium and the total was centrifugated at 1000 rpm in a table top centrifuge. 
Siqiematant was removed and cells were resuspended in 10 ml of culture medium. The 
isolated HER cells wore plated in two 6 cm dishes and incubated at 3TC/ 10% CX)2. 
Upon 90% confluency cultures were split 1 :3 and ftuiher incubated. This procedure was 

15 repeated until enough dishes were obtained to be used for transfection and further 

culturing. Transfections vrese performed at difiermt passage numbers using the CaP04 
cotr^fection kit (Jnvitrogen/Life Technologies) according to manufacturers instructions. 
For each dish (50-70% confluency) 20 ng DNA was used. Initial transfections were 
performed withpIGJBlA.ElB, an Ad5-El e)qpression construct, and with pIG535, the 

20 hybrid Ad5-El A/Ad35-E1B expression construct. 2-3 weeks following transfection 

transformed fod became visible in the pIG.ElA.ElB transfected dishes. On average 15- 
20 foci/dish were found in the dishes that were transfected with pIG£lA.ElB. Over 30 
clones were picked and transfened to 96-welI plates. Upon confluency cells were 
passaged to larger culture plates or flasks and finally viable firozen in anQ)oules in hqNa 

25 jGrom a Tl 75 flask All picked clones were established m this way. Transformed foci 

appeared much later in the dishes that were transfected with pIG53S> the first around five 
weeks following transfection. On average 3-4 clones were found per dish. A total of 46 
clones were picked fipom 7 weeks to 3 months after transfections of which 14 were viable 
and could be passaged multiple times. Of these, 2 clones (clone #45 and #75) were grown 

30 up to a Tl 75 flask and viable fiozen in anqjoules in liqNz. 

Primary HER cells were also transfected witii constructs pCC535s and pCC536s. 
Transfection of pCC535s let to an average of 2 clones/dish and a total of 50 clones wesre 
picked. Of these picked clones 2 could be estabhshed. From the transfection with 
pCC536s» at least one clone could be established 

35 The above described experiments show that primary HER cells can be transformed witii 
hybrid Ad5-Ad35 El sequences. The efiBciency of transformation was lower than 
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obtained wilii the complete Ad5 El region. We then tested whelher flie new cell lines 
could complement recombmant Ad35-based El-deleted vectors. Hereto, the clone #45 
that was obtained ftom the pIG535 transfeclion was seeded in T25 flasks at a density of 
7x10* cells/flask and infected wifli Ad35 AdApteGFP virus (see exan^le 9) at a 
raultipUcily of infection (moi) of 5 and 25 virus particles/cell. Full CPE was seen at days 
4 and 5 for the moi 25 and 5 respectively. As a comparison parallel cultures of clone #45 
cells fliat were urfected with Ad5 AdApteGFP viruses gave foil CPE at days 7 and 8 for 
moi 25 and 5 respectively. The initial infection efficiency was con?»arable fi>r Ad5 and 
Ad35 viruses, -80% (mDi=5) and -95% (moi»25) of the cells were infected wifli GFP 
virus one day following infection as measured by fluorescoice microscopy. Cells from 
clone #75 were seeded in a 6-weU plate at a density of 2x10*^ cells/well and infected with 
Ad35.AdApLeGEP or Ad5 AdApteGFP at moi 5 (VP/ceU). Again initial infection 
efficiency was conqjarable for both viruses. Fvil CPE was observed at day 4 in case of 
Ad35 AdApteGFP infection whereas Ad5.AdApteGEP infected clone #75 cells gave fufl 
CPE on day 7. The diffrarence in replication eflficiency on Ad35 conq)lementing cells 
between Ad35 and Ad5 recombinant vectors is even more clear when virus is gaierated 
by plasmid transfection. This is exenqjlified by the foUowing transfection experimait 
Clone #45 cells were seeded in T25 flasks at a density of 3.5xl0« cells and transfected 
three days later using LipofectAmine reagent (Invitrogen/Life Technologies) according to 
manufacturers instructions and described above. 2 ng pAdApt35.eGFP adapter plasmid 
digested with PacI was cotransfected with 6 jig pWEAd35.pIX-rrrRorpWEAd35.pIX- 
rriRAES backbone cosmid digested with Notl. 2 jig pAdApteGFP (Ad5 adapter plasmid, 
described in WO 00/70071) digested with PacI was cotransfected with 6 ng 
pWEAdS Afln-rlTR^ (Ad5 backbone plasmid, described in WO 00/70071) also 
digested with PacI. One T25 was not transfected and sarved as a negative control. One 
day later transfectiaa efficiencies were monitored by fluoresceait microscopy and 
estimated at 10-15% in all eGFP transfections. Three days fbllowmg transfection cells 
were transferred to T80 flasks and finther incubated at 37°ai0%CO2. Again three da^ 

later CPE evaits were becoming visible in the cultures transfected with die 
pAdApt35.eGFP and the pWEAd35plX-rrrR+ or-E3. Hie transfections with flie E3- 
deleted backbone containBd more green fluorescent cdls and more CPE events. The 
transfection with Ad5 plasmids showed only around 20% green fltKMescent cells, of 
which most were dymg, and no CPE events. Two days later this difference had become 
bigger since cultures transfected with the pAdApt35.eGFP and fljepWEAd35prX- 
rTTRAES clearly showed 80% CPE and cultures transfected with the pAdApt35.eGFP 
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and the pWE AcBSpDC-^ITR constructs showed progressing CPE evails- The AdS 
transfected culture did not show any progression. Table VI sununarizes these results. 
We conclude that the new conq}leinentmg cell lines described above efficiently sustain 
replication of El deleted Ad3S-based viruses and that the generation and rq)hcalion of 
5 El deleted Ad5-based viruses is less efficient Apparently, also Ad35-E1B55K proteins 
do not form a fiinctional con^lex with Ad5-E4QrfB proteins. Thus the serotype 
specificity for complementation is now also shown for recombinant AdS vectors on Ad35 
packaging cells. 

10 

ExanQ)lell 

Generation of pWE J\d.pIX-rrrRAE3 

The early region-3 of human adenoviruses contains multiple coding regions for proteins 
that interfere with the host immune response to adenoviral infection. When adenoviral 
15 vectors are used as vaccine carrier such interference is unwanted. Therefore, we 
coristructed an Ad3S backbone cosmid lacking the E3 region. 

Hereto, construct pBrAd35.PRn (Figure 35; described in exaxuple 13 in publication EP 1 
054 064 Al) was digested with StuI and Mlul and the 17.3 kb vector fragment was 
purified from low melting point (LMP) gel using agarase ©azyme ^Roche) according to 
20 manufectureis instructions. Nejd, a PGR fragment was generated on pBr Ad35 J*Rn using 
primers: 

35E3fon 5'- AAT GAG TAA TGC AGG TGC GC-3' and 

35E3rev: 5'^ CGA CGC GTT GTA GTC GTT GAG CTT CTA G-3\ For the 

amplification Pwo DNA polymerase (Roche) was used according to manufacturers 

25 instructions and program set at: 94°C for 2\ 30 cycles of (94°C for 30' 58°C for 

30' "and for T) and a final mcubation at 68*^0 for S\ The 833 bp PGR product was 
purified using the QIAquick PGR purification kit (Qiagen) and digested with Mlul and 
StuL The digested DNA was purified from gel using the QIAquick gel extraction kit 
(Qiagen). Both isolated fragments were Ugated and transformed into DHSa con5)etent 

30 cells (Ihvitrogen/Life Technologies) to give pBr.Ad35.PRnAE3 (Figure 36). The plasmid 
was checked by restriction analysis and sequencing of the PGR amplified insert The E3 
deletion was flien cloned into the pWE Ad35.pIX-rrrR cosmid backbone. Hereto, 
pWEAd35.pIX-rrrR (see example 4 and Figure 8) was digested with Pad and the DNA 
was purified by precipitation with isopropanol and washing with 70% EtOH. Following 

35 resuspension in milliQ water, tiie DNA was digested with Swal and the 22.8 kb vector 
containing fragment was purified fi:om LMP gel using agarase enzyme as above. 
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Construct pBr.Ad35 JPRnAES was digested witii PacI and Swal in the same manner and 
the 16.6 kb fragment was also isolated using agarase enzyme. Both isolated ftagments 
were Ugated usmg 0.5-0.6 jig of each fragment Lighted fragments were then packaged 
using Miage packaging extracts (Stratageae) according to manufectorers instructions 
and mixed wi& STBL-2 cdls. Bacteria were plated on IB+Arap plates and resulting 
colonies were analyzed for the presence of die correct construct. This gave construct 
pWE.Ad35.pIX-rrrRAE3 (Figure 37). The B3 deletion extends from nucL 27648 to 
30320 of the Ad35 sequence (example 3) and dius spans a 2.6 kb region. 
CotiansfectionofNotIdigestedpWE.Ad35.pIX.rrrRAE3 andpIPsp-1 digested 
pAdApt35.eGFP onto PER55-clone #16 cells (see example 9) as described above gave 
rise to GFP expressing Ad35-based viruses. Upon isolation of viral DNA from these 
vkuses, PGR anq)lificatian of the E3 region showed&at the viruses were ddeted for 2.6 
kb of E3 sequences as expected. 



IS 
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Legend to Table I: 
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All huDaan adenoviruses used in the neutralization experiments were produced on 
PEILC6 cells (Fallaux et a/., 1998) and purified on CsQ as described in example 1. The 
NaQ concentration at which the different serotypes eluted firom the HPLC column is 
shown. Virus particles/rid (W/inl) were calcukted fom an Ad5 standard The titer in 
the experiment (CCID50) was determined on PiaLC6 cells as described in Exanqile 1 by 
titrations performed in parallel with the neutralization exprament The CCID50 is shown 
for the 44 viruses used in this study and reflects the dilution of the virus needed to obtain 
CPE in 50% of the wells after 5 days. The ratio of VP/CCID50 is depicted in logio and is 
a measurement of the infectivity of the differmt batches on PEFLC6 cells . 
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Table n. AdApt35.I^Z viruses escqje neutralization 
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Table HI: The numbers of foci obtained witii the dififereat El expression constructs in 

BRK transfoimation experiments. 
Average # of foci/dish: 
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Table IV: Yields of El- and B1/B3- deleted Ad35 viruses on clone #16 cells produced on 
triple layer flasks. 

Virus Scale(T175ffl flasks) Total # of Virus Particles after DSP VP/cdl 

Ad35AdApteGFP 4 7.5xl0" 2500 

Ad35u^E3Adi^Lenq)ty 8 2x10^* 33 

Ad35.AE3AdAptLacZ 8 3.8xlO" 600 

ArnSJ^^AdAntMV-F 4 88x10" 2900 

2.6x10'^ 4250 



Ad35.AE3.AdAptMV-H 8 



wo 02/40665 



58 



PCT/NLOl/00824 



Table V: Transfonnation efQcioicies on BRK cells with differeat Ad-Bl e^qpression 
constructs. 



Construct Transfected DN A (^g) # foci per dish 

5 E3q)erimeiit 1 pIG.ElA£lB 5 44 

pIG270 5 0 

pCC271 5 0 

pIG535 5 1 

pCC535s 5 2.5 

10 Experiment 2 pIG.ElA.BlB 4 15 

pCC271 4 0 

pCC535s 4 3 

pCX:536s 4 3 
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Claims 



Wfiatigrlnimedis! 

5 LA packagmg cell line capable of complementing recombinant adenovirus 

based on a serotype from subgroiq) B. 

2. The packaging cell line of claim 1 wherein said sraotype from subgroup B 
is adenovirus type 35. 

3 . The packagmg cefl line of claim 1 or 2, wherein said packaging cell line is 
derived from primary, diploid human cells, or derivatives thereof said primary, diploid 
human ceUs or derivatives thereof having been transfoimed by adenovirus El coding 
sequences either operatively linked on one DNA molecule or located on two separate 

15 DNA molecules, said adenovirus El coding sequences being op^atively linked to 
regulatory sequences enabling transcription and translation of encoded proteins. 

4. ITie packa^g cell line of claim 3 whereiii Hbs primary, diploid human 
cells, or derivatives flieteof have been selected fix)m the group consisting of primary 

20 human retinoblasts, primary human embryonic Iddaey cells and primary htiman 
anmiocytes. 

5. The packa^ cell line of claim 3 or 4, wherein die primary, diploid 
human cells, or derivatives thereof have been transfected witti an adenovirus El A coding 

25 sequaice to ii»duce unlirnited proliferation. 

6. The packapigcdl line of claim 5 vAerran said packaging ceU line furftier 
rises an ElB coding sequence. 



1)1111 



7. The packa^g cell line of claim 3 or 4, wherein the primary, diploid 
human ceUs, or derivatives thereof have been transforaied by expression of adenovirus 
El proteins of a subgron) other lhan subgroup C. 

8. The packaging cell line of claim 7 wherein the subgroup other than 
35 subgroiqp C is subgroup B. 
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9. Thfi jfflcVnppg c-fi^l ^iTie of claim 8^ wherein said adeaovims El piotdns 
are derived fiom adeaovims type 35. 

1 0. The packaging cell Ime of claim 3 or 4, wherem the primary, diploid 

5 human cells or derivatives thereof have been transformed with a chimeric adenovirus El 
construct comprising part of a first adenovirus El coding sequence of a first adenovirus 
serotype that enables efScient transformation of primary human cells or derivatives 
thereof; and part of a second adaiovinis E 1 coding sequence of a second adenovirus 
serotype, wherein said second adenovirus El coding sequence provides Ihe sero^e- 

10 specific adenovirus ElB function(s) that enable(s) efiBcient propagation of recombinant 
adenovirus El-deleted viruses of said second adenovirus serotype. 

11. The packaging cell line of claim 10 wherein said first adenovirus serotype 
is a subgroup C admovirus and said second adenovirus serotype is asubgroup B 

1 5 adenovirus, more particular adenovirus type 35. 

12. The packaging cell line of claim 1 0 wherein El A coding sequence and at 
least part of the E1B-21K coding sequence are doived fix>m a subgroup C adenovirus, 
and the E1B-55K coding sequence as &r as not overlapping with the 21K coding 

20 sequence is derived fiiom a subgroiq) B adenovirus. 

13. The packagmg cell line of claim 12 wherein said subgroup B adenovirus is 
admovirus type 35. 

25 14, ThepackagingceUlineof claim 10 wherein aU El coding seq^nces are 

derived &om a subgroup C adenovirus, except for at least a part of the E1B-55K coding 
sequence that is necessary for serotype-spedfic complementation of an alternative 
adenovirus serotype, said ElB codmg sequence being derived fiom said alternative 
adenovirus serotype. 

30 

15. The packag^ig cell line of any one of claims 6, 10 or 14, wherein said 
packaging cell line con5)rises bovine adenovirus E1B-55K. 

16. The packaging cell line of claim 15, wherein said conq)lementing 
35 reconibinant adenovirus is derived JGrom a bovine adenovirus. 
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17. The packaging cell line of claim 3 or 4, wham flie primary diploid 
hmnan cells or derivatives thereof have been transfomied by adenovirus El coding 
sequences located on two separate DNA molecules wherein the first DNA molecule 
carries at least part of the El coding sequences of liie serotype enabling efficient 
transformation and the second DNA molecule carries at least part of Ae sequences 
necessary for sarotype-specific complementatiorL 

18. The packaging cell line of claim 4 wherein said derivative cdls are 
PER.C6 CBCACC deposit number 96022940) which forthar comprise an Ad35-El region 
integrated into their genome, and v/ber^ said Ad35-El region is present in a fimctional 
expression cassette. 



19, The packaging cell line of claim 18 \Aerein said Ad35-El region does not 
contain sequences overlapping with sequences present in an associated recombinant viral 

15 vector. 

20. The packaging cell line of claim 18 or 19, -wrtiCTein said functional 
expression cassette comprises aheterologous promoter and a poly-adenylation signal 
fimctionaUy linked to said Ad35-El region, wherein said heterologous promoter is a 

20 human phosphoglycerate gene promoter (hPGIQ and wherein said poly-adenylalion 
signal is a hq>atttis B virus poly-adraiyiation signal (ElBV-pA). 

21. The packaging cell line of claim 20 herein said Ad35-El region 
comprises the coding regions of the ElA proteins and the ElB promoter sequence linked 

25 to ElB coding sequmces up to and including the stop codon of the ElB 55K protein. 

22, The packa^ng cell line of claim 20 wherdn said Ad35-El region 
conqirises nucleotide 468 to and including nucleotide 3400 of the Ad35 wfld-^ype 
sequence. 



23. A ceU line derived ftom PER.C6 (ECACC deposit number 96022940), 
which cell hue comprises Ad35-B1B coding sequaices. 



24. The cdl line of claim 23 y/bss&a said Ad35-E1B coding sequences are 
driven by an ElB promoter and terminated by a heterologous poly-adenylation signal 
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25. The cell line of claim 23, wherein said Ad35-E1B coding sequences are 
driven by a heterologous promoter. 

26. The cell line of claim 25 wherein said Ad35-E1B coding sequences are 

5 driven by a hPGK promoter or an Elongation Factor-la (EF-la) promoter and terminated 
by a heterologous poly-adenylation signal. 

27. The cell line of daim 24 or 26, wh^ein said heterologous poly- 
aden)4ation signal is a hepatitis B virus poly-adenylation signal (HBV-pA). 



10 



15 



20 



25 



28. The cell line according to any one of claims 23-27, wherein said Ad35- 
ElB coding sequences conqnise flie coding sequences of the ElB 21K and the BIB 55K 
proteins located between nucleotides 1611 and 3400 of the wild*t}^e Ad35 sequence. 

29. The cell line of claim 28 wherein said Ad35*ElB coding sequences 
con5)rise nucleotides 1550 to and including nucleotide 3400 of the wild-type Ad35 
sequence. 

30. The cell line of claim 28 whmin said Ad35-E1B coding sequences 
conq)rise the coding sequences of the E1B-55K gene located between nucleotides 1916 
and 3400 of the wild-type Ad35 sequence. 

31. The cell line according to any one of claims 23-27, whereia said Ad35- 
ElB coding sequences con^rise the coding sequences of the E1B-55K gene located 
between nucleotides 1916 and 3400 of the wild-type Ad35 sequence. 



32. The cell Une of claim 3 1» lacking a fiinctional coding sequence for ElB- 



21K. 



30 33. The packaging cell line according to any one of claims 1 -22, or a cell line 

according to any one of cliaims 23-32, further comprising a DNA encoding at least E4- 
orf6 of an adenovirus of subgroiq[> B, preferably adenovirus serotype 35. 



35 



34. A method for conq)lfflienting a recombinant adenovirus conq)rising 
providing a packaging cell line according to any one of claims 1-22, or a cell line 
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according to any one of claiins 23-33, with said recombinant adenovirus and culturing 
said cell to allow for conxplementation. 

35. A mefliod according to claim 34, furtiier comprising harvesting 
5 conq>l6mmted recombinant adenovirus. 

36. A meliiod according to claim 34, or claim 35, wherem said recombinant 
adenovirus is derived ftom [adenovirus] a subgroup B adenovirus. 



10 



15 



20 



25 



37. A method according to claim 36, wherein said recombinant adenovmis is 
derived fiom adenovhrus type 35. 

38. A recombinant adenovirus obtained by a method according to any one of 
claims 34-37. 

39. A recombinant adenovinis according to claim 38, comprising a deletion of 
nucleic acid encoding at least one El -region protein. 

40. A recombinant adenovirus according to claim 38 or claim 39 comprising a 
deletion of nucleic acid encoding at least one E3-region protein and/or at least one E4- 
region protein. 

41 Use of a reconibinant adenovirus accordiog to any one of claims 38-40, for 
the prq)aration of a medicament 

42. Use of a packaging cell liae according to any one of claims 1 -22, or a cell 
line according to any one of claims 23-33, for the complementation of a recombinant 
adenovirus. 
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1 CATCATCAAT 
71 GCCBTCTCCT 
141 T66G66T&6A 

211 ctactta6tt 
srei ATTTTceiec 

351 TTGTTCAEGG 

^2^ ccGCGTAitce 

ttQl QCTTTGTfrC 
S81 AT/VAAAA>^AT 
631 CGAGCTTfiTG 
701 CTTCAGeAAC 
771 TTACCGATTC 
841 TCCAGG6(|T6 
911 TTGCACT^CT 
981 CTGCAGCBEG 
1051 TGGCTCTAAG 
1721 AT6A6Aa4gC 
1191 TCACATstAT 
1261 ATCTCCTBAT 
1331 CCTGTGAAgC 
1401 BACCTTTreA 
1471 ACCTCAATTAT 
1941 T6GGCG6SGA 
1€1 1 ATCGAGGTTT 
1681 TCTCCGSITT 
1751 TAAACAAdAA 
1821 GTTCACTWA 
1891 CTTTTCTIAC 
1961 CATAGCCACA 
2031 CAGCCTTljGG 
2101 AAQAGGAGAA 
2171 CTGCAACS&G 
GT9CITAC1^6A 
2311 ftCATCACCTT 
23S1 AAAACATBTT 
2451 GGCCTGATIaA 
2521 GGCTGAGCTG 
2591 eTAGTCGGTA 

.aeei ttatsgccaa 

2731 CTGGGEAqAG 
2801 AGTCAATTGT 
2871 GGfiTCCGTCA 
2941 TAACATGATT 
3011 ATGCTGCCTA 
3081 CCAAGTGC^C 
31S1 GAAABTGTrG 
3221 ATCTGGAAeA 
3291 CCAGGTTCCA 
3361 TGGA6CAGIX6 
3431 TTTTCAGATQ 
3501 TTTTAAGGSa 
3571 eTTATCGC\T 
3641 TAAGTTCTrc 
3711 AATSGGTT^C 
3781 AABTTACTre 

3851 cccagttg:g 



AATATACCTT 
GATTCCC76T 
BTTTTTTTGC 
TTCCCACGGT 
GAAAACTGAA 
CCAGGTAGAC 
TGTCAAA6TC 
AAGAGGCCAC 
SAGAGATTTS 
GT6CACGCCC 

tgtatgattt 

TATGCTTTTA 
ATT6TQ6AAA 
ATGAAGACGG 
TGA6GQAGT6 
TCTT6TGAAT 
ACTGCCACTT 
ATTGAGTCTG 
TCTACTACCT 
TTAACCCTC6 
CTTGAQTACA 
TTCTCTGAGA 
CTCAGGTATA 

ggcccatttt 
ttggagattc 
tt7gaaaagt 
aagaaaaast 
ttttatatta 

eCATTBTGGA 
GTGTAGCCGG 
CCCGAGAGCC 
T6CTTACTGG 
TGCTASATCT 
CAGAAAGAfiC 

GGTTGEAGCC 
ACAGTATAAG 

GTAATAfiATA 
TGGAAGCAGT 
TACCAAACTT 
GTTAGTGTAC 
CTC'IGAAGAA 
CTCCCCTTCT 
TST|?GTGCTT 
CTGTGCATAT 
CATGCATGCA 
TTG6AACCAG 
TCCTGAGGTA 
GCCGGreiQT 
TTCfiGATCCA 
GACA6ATT6A 
B6AGTCTTCA 
CTACTGTGGA 
ACCTTTeSAC 
TATGGAAGCA 
TCCTTrtGGC 
A6TACAAACT 



ATAGATGGAA 
aCGGTTAACC 

AA5TTGTCGC 
ATTTAACAGG 
TGA^GAAGTG 
TTTGACCCAT 

TTCTGTTTTT 
TCnCAGTGC 
CGATTTCtec 
TGATGGGAGA 
AGAGGTAGAS 
GCTGCTAATG 

GCGGTACAaG 
6TTTCCTCCG 
AAGGCTGCCA 
TTCACAGGAA 
TATTTACAGT 
ACTTTTGTGC 
CACCTCCTGA 
GAAACGTCCA 
CGGAAAC6TC 
GTGCAATGTA 
TAAGTASAAG 
GGAAGACCTT 

TGGTTCSCTA 
T6TTGGTA6A 

TTTATCABTT 
GATAAATGGA 

GAACATGGAA 

AATCCTGACe 

GGCCTG6ACC 

A7CTACGTCC 

BAGTTBQCTT 

CAAGCGATGA 

AGAGGATGAT 

ATCAGTA5AC 

CTCAAGACAA 

CACTTTTGTA 

ATATTGCATS 

GGGGGTGTAG 

ATGCATATTC 

ACAGATACT6 

CCGATGAGAG 

TGTTTCCCAT 

GGTGGGCGTA 

ATGCCTTTTC 

TGAT6ATACG 

6TA8ATGTGA 

GTGGAGAAGA 

GTAAAAATTT 

GCCCTTATCT 
TGCAAQACCC 

GCA6CTGCA6 

TCGTGGCTAA 
CCAGCTBGAG 
GABTCTSCTG 



TGGTGCCAAT 
GTTAAAAGGG 
GGGAAATSTT 
AAATGAGSTA 
TTTTTCT6AA 
TACGTGGAGQ 
ACGTAGGTGT 
CAGCGAGAAG 
CTCAGGAAAT 

CQATCCQfiAG 
GGATCGGAGG 
AACCATTAGA 
TQTAAGAAAA 
AGTGATGAGG 
ATGTTGGTTT 
AAATACT6GA 
AACTGTGTTT 

ttcttattat 

tattcaagca 
gcagtggaga 

caagacaata 

ATAAAAATAT 
CAGACCTGTG 
AG6AAGACTA 
CTGAATTA6C 
TTGCCCAGGA 
TTAQACTTTT 
TCCCGCAGAC 
GGTTCGCAAG 
CATCCACCCG 
CTCCAQTG6A 
ACTQGACQGG 
TAAGTTTAAT 
ACTTTCTCTA 

TGGGC:&GTG6 
GGATTAATAT 
BACAGTTATT 
AATGTTAA6T 
GTTBTA5CTT 
TTTCTATCCfi 
CAAAGATGTA 
GATGTTTTAT 
eCCTTATCAA 
CAACGCAAAA 
GAGGAATGTT 

CAGAATeAGC 
AGATCGAGGG 
CCGAAGATCT 
AACTGACTAA 
GTTTTTTCTS 
GACAGGGCGT 
BTTCAACCCG 

CCGCTQCCGC 
TTCCACTTCC 
eCTTTGACCC 
TCGGCACfiGC 



ATGTAAATGA 
GCQGCGCGGC 
ACGCATAAAA 
STTTTGACCG 
tAATGTGBTA 
TTTCGATTAC 
CAGCTGATCG 
AGTTTTCTCC 
AATCTCTBCT 
CCACCTQT6C 
ATTCTAATQA 
ATTAGATCCG 
TTACCTGATT 
AGGACCATGA 
TCAGTTGGAT 
GTAAAGGAAC 
AAGTTAAAAT 
AQGTCCTGTQ 
CCTQTTCCTG 
AACTTQAGGA 
AST6TTCCAT 
QTTAACTQTT 
TGGTTAGCTC 
BQCAACTaTT 
TAGGGTAGTT 
CTTTTTGAAG 
CAACCCCA6G 
TCATTTCABC 
ATGAGGACAA 
TCATGCCAGC 

G6AGGCGGAG 
ATA5GGGCGT 
GAGTCGCAGA 
TTQCAGGAGA 
CCATTAAAAA 
CCGGAATCCT 
AGATGCTGCA 
TTA6GQGAGA 
TTTTG6TTTC 
TCTTCCATrC 
ACCTGGGCAT 
TTTAATTAAG 
ATQCTCACTT 
AATGGCCTGT 
TATGCCTTAC 

ctaacaggaa 
tgcgcgcatg 
cagaccggat 
ggt6agtatt 

TCTTSCAGCT 
CTCCCATCCT 
CCAATTCTTC 
CQCCTCTSTC 
rCTAATAACC 

AACGTCTQGG 
AAAGTCrAAA 



GGT6ATTTTA 
CGT6GGAAAA 

AGGCTTCTTT 
GATGCAA6TG 
TTTATGGCAG 
CGTGTTTTTT 
CTAGGSTATT 
TCT6CGCCGG 
GAGACTGGAA 
AQCTTTTT6A 
GGAAGCTGTG 
CCtTTGGACA 
TGAG7TCC6T 
AAAGGAQCAG 
TGCCCGGAGC 
TGTTATeTTC 

ttaaagsaat 
tctqatgctg 
tg6acgtgcg 
cttq7taca6 

ATCCSTGTTT 
CACTQGTTTT 
ATAGGAGCTB 
AGAGAGCGCr 
TTTAGGATAA 
CTCTTAATTT 
TA0AACTBCT 
AGGSGATACd 
TCTTAG6TTA 
GETTCTCGAG 

TAGCTGACTT 
TAAGAGGQAG 
CSTCCTGAAA 
AATATTCACT 
TTATGCCAA6 
TUTTACATAT 

TGATGGATAT 
TSBTTATAAT 
AACAATACCT 
CCACAGCTGe 
TCTGAATGAA 
GGAAAT6CCA 

BTGCTGGTGG 
TTTTGATCAC 
CAGTGTAACA 
TCTTTGACAT 

CGAATGCGGA 
CArTTQBTTA 
GGGAAAACTT 
GACArGAGTG 
GGGCAGGAGT 
AACGCTGACC 

DCCGCTAACA 
CTTCTACACr 

TGAACTTTCT 

TAAAAAAAAT 



AAAAGTCTGC 
T6AC6TTTTA 
TCTCACGGAA 
AAAATTGCTG 
GGTG6ASTAT 
ACCTOAATTT 

TATACCTCAG 
CABTTTAATA 

ATSAAATATT 
6CCTCCTACB 
AATGGCTTTT 
CTTTCAATAC 
GGACTGTGAr 
TCCATBCAGA 
TTCCTBGACA 
GCTTTQTTAT 
ATGCTGTTTT 
ATGAATCACC 
CAABCCCATT 
QGTBBBBAG8 
ACTTAAGGTG 
TATTBCTTTT 
GCTTTCATCC 
TC6GACGGAG 
AACA6GACTA 
GGBCCATCAG 
GCTGCT6TBG 
TTTT6BATTT 
CTGGCCAGTG 
GAGGAACAGC 
STCTCCTGAA 
AGGGCATCCA 
CCATTT6GT6 
GGAACAeGTC 
ATAGCTTTGA 
CTGGAAATGG 

GTGGCCT6GA 
GGAATABTGT 
BTBTAGATGC 
CAGAACCAAG 
GGCGAAGCAA 
GCGTAAAGCA 
GCATTGTAAT 
AATGrSTTGA 
TGAATCATGT 
GAACACeCAA 

GGtAAGCATG 
TT0GCCGCAC 
TGGGGTG6GA 
GAAATGCrrC 
TCBTCA6AAT 
TATGCTACTT 
CTGTGCTTfiS 
QACTCAGGAC 
CA6CABGTGQ 
TCCA6AATCA 
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392 T ATBAATAAAT AAACeAOCTT CTT6TTeATT TAAAATCAAC TSTTTTTATT TCATTTTTCS CGCACSSTAT 
^1 aAcrrPBlCC ACCEATCTCG ATCATTSAQA ACTCSeTSfiA TTTTTTCCAe AATCCTATAS AeOTeaBATT 

^ Q£"???Ae AT AcS S"Sc«? Sttggggtg gasataectc cattgaaggs attcatgctc 

ai3 CEGEBTAeTG TTETAAATCA CCCASTCATA ACAASQTCGC AGTSCATGeT GTTBCACAAT ATCTTTTASA 
420 ASTAeecTGA TTBCCACABA TAABCCCTTB 6TGTAGGTGT TTACAAACCS GTTGAeCTGG BABGeeTeCA 
2^1 TTCGAGGTOA AATTATGTGC AiniGGATT GGATTTTTAA BTTMCAATA TTBCCeCCAA WTCCCGTCT 
4341 TQBQTTCATQ TTATSAAGGA CTACCAA8AC SGTBTATCCC BTACATTTAG GAAATTTATC eTECASCTTB 
4411 fiATCeAAAAG CBTGCAAAAA TTTBeAOACA CCCTTGTGTC CTCCGAGATT TTCCATGCAC TCATCCATBA 
448 tStASoSt GGGeCCfiTfiG SCOTCGBCGC GGGCAAACAC 6TTCC8TSGS TCTSACACAT CATAGTTATG 
Sb! ?tKt5aSI ^?CATCAr AAGCCATTTT AATGAA7TTG GGGCGGAGCB TACCAGATTG GGGTATGAAT 
4621 BTTCCTtCGG GCCCCGGASC ATASTTCCCC TCACAGATTT BCATTTCCCA ABCTTTCAGT JCTGAGGBTB 
4B91 GAATCATGTC CACCTGtSGGG GCTATGAAGA ACACCGTTTC GGGG8CSBSB BTGAITASTT OQBATBATAQ 
Sfll T^lr^lrl AGCAATTGAG ATTTGCCACA TCCGGTGGBG CCATAAATAA TTCCGATTAC ABGTTBCACG 
flA-m TfCTAETTTA fififiAACGQCA ACTGCCGTCT TCTCGAAGCA AGSGCGCCAC CTCGTTCATC ATTTCCCTTA 
!lo JSScaTI^T ??C^5S" ZwCCATT/i GeASGCGCTC TCCTCCTAGT eA^^GAAGTT CTTGTAGTGA 
4071 GGAAAASTTT TTCACCBGTT TTAQACCGTC AQCCATGGGC ATTTTGGAAA eA6TTTeCTG CAAAAGTTCT 
5041 A6TCTGTTCC ACAGTTCAGT GATSTGTTCT AtGGCATCTC GATCCAGCA6 ACCTCCTCGT TJCGCGBGTT 
5111 TGGACGGCTC CTSGAGTAGG GTAT(5AGACG AT66GCSTCC AGC6CTBCCA BfieTTCGGTC CTTCCA6QQT 
Siei CTCAGT6TTC GAGTCASSGT TSTTTCC5TC ACASTGAA6G GGTBTGCfiCC TQCTTBGGCG CTTGCCAGGS 
52St T6CCCTTCAG ACTCATTCTG CICBTCBAGA ACTTCTGTCG CTTGGCGCCC JGTATGTCGG CCAAGTAGCA 
6S21 GTTTACCATG AGTTCSTAGT T6A6CGCCTC GGCTGCBTGG CCTTTGGCSC GGAaCTTACC TTiGGAASTT 
5391 TTCTTeCATA CCG6GCAGTA TAGGCATTTC ABCSCATACA GCTTGSGCGC AAGGAAAATQ eATTCTGGGG 
5461 AGTATGCAtC CGCGCCGCAG SAGGCGCAAA CAGTtTCACA TTCCACCftSC CAGSTTAAAT CCGGTTCATT 
5531 GGGGTCAAAA ACAAGTTTTC CGCCATATTT TTTGATGCGT tTCTTACCTT TGSTCTCCAT AAGTTCGTGT 
SeOl CCTCQTT6AB TGACAAACA6 SCTGTCCGTA TCTCCBTA6A CTQATTTTAC AGGCCTCTTC TCCASTGGAB 
S671 TGCCTCSSTC TTCTTCCTAC AQCAACTCTC ACCACTCTGA TACAAAGQCQ CGCSTCCAGG CCAGCACAAA 
6741 BGAG6CTAT5 TGQGAGGGGT AGCSATCeTT GTCAACCAG6 GGSTCCACCT TTTCCAAAGT ATGCAAACAC 
6811 AT6TCACCCT CTTCAACAtC CAGGAATCTG ATTGGCTTGT AQQT(5TATTT CACSTSACCT GSGSTCCCCG 

5881 CTGSQQeesT ataaaagggs scggttcttt sctcttcctc actqicttcc ggatcgctbt ccacsaacgt 

595 1 CA6CTBTT6G GGTAQSTATT CCCTCTCGAA GGCBGGCATC ACCTCTSCAC TCAGGTTGTC ACTTTCTAAG 
6021 AACOAGGABG ATTTGATATT GACAetGCCB GTTfiAGATGC CTTTCATGA6 BTTTTCSTCC ATTTBGTCAG 
€091 AAAACACAAT TTTTTTATTC TCAACTTTGC TGGCAAATCA TCCATACAGG eCGTTGGATA AAAGTTTG^C 
6161 AATSSATCGC AT6GTTTSGT TCTTTTCCTT BTCCGCGC6C TCTTTGGCGS CGATGTT6AS TTG6ACATAC 
5231 TC6C6TGCCA BGCACTTCCA TTCBGGGAAG ATAGTTGTTA ATTCATCTGG CACBATTCTC ACTTGCCACC 
6301 CTCSATTaTG CAAGGTAATT AAATCCACAC T0<5TGGCCAC CTCGCCTCSA AeGGBTTCAT TSSTCCAACA 
6371 GAGCCTACCT CCTTTCCTACS AACAGAAAfiC CGGAAfiTeGp TCTAGCATAA GTTCATCCBC AfiQeTCTQCA 
6441 TCCATfiGTAA ACATTCCM© AASTAAATCC TTATCAAAAT AGCTGATGBG AGTG6GSTCA TCTAABGCCA 
6511 TtreCCATTC TCGAGCTGCC AGtGCGCGCT CArAlCGGTT AACQGGACTG CCCCAGGOCA TGGGATGG6T 
6581 6AGABCAGA6 GCATACATGC CACA6ATGTC ATAGACGTAG ATBBGATCCT CAAAGATGCC TATGTAGGTT 
6651 GGATACCATC BCCCCCCTCT GATACTTGCT CGCACATAGT CA7ATA6TTC ATGTGATGGC GCTA6CAGCC 
6721 CCGGACCCAA GTTOGTQCQA TTSGGTTTTT CTGTTCTGTA GACGATCTSe CGAAAGAtBG CGTGABAATT 
6791 GBAAGAGATG 6TSGGTCTTT 6AAAAATGTT GAAATCCGCA TGAGfiTABAC CTACAQAGTC TCTGACAAAG 
6861 TGGGCA7AAG ATTCTTQAA6 CTTfiGfTACC AGTTCSBC6G TGACAABTAC GTCTABBGCG CAGTAGTCAA 
6931 GTGTTTCTTG AATGATGTCA TAACCTGCTT GGTTTTTCTT TTCCCACAST TCGC66TTGA GAAGGTATTC 
7001 TTCGCGATCC TTCCAGTACT CTTCTAGCGB AAACCCGTCT TT6TCTBCAC GBTAAGATCC TAGCATGTAG 
7071 AACTGATTAA CTGCCTT6TA AGGGCAGCAG CCCTTCTCTA CGGGTAGASA GTATGCTTBA GCAGCTTTTC 
7141 CTAGCGAAGC QTGASTAAGG GCAAAGGTGT CTCTGACCAT BACTTTGAGA aattbqtatt TBAAGTCCAT 
7211 BTCGTCACAC CCTCCCTCTT CCCAGACTTC CAABTCTACC CGTTTCTTBT ABGCCGGGTT GCGCAAA6CG 
7281 AAAGTAACAT CATT6AA6AG AATCTTACCG GCTCT5BGCA TAAAATTGCG AGTGATGCEG AAA&fiCTSTG 
7351 GTACTTCCGC TCGATTGTTG ATCACCTGGG CAGCTA6GAC GATTTCGTCS AAACCGTTGA TGTTSTGTCC 
7421 TACGATSTAt AATTCTATSA AACGCBGCST 6CCTCTBACG TGAGGTAGCT TACTGABCTC ATCAAABSTT 
7491 AGGTCTGTGG GGTCAGATAA GBCQTaGTGT TCGABAGCCC ATTCGTGCAG GTGABBATTT BCAT6TAGSA 
7561 ATGATGACCA AASATCTACC GCCAGtGCTB TTTBTAACTG GTCCCGATAC TGACGAAAAT GCCBBCCAAT 
7631 TCCCA7TTTT TCTGGACTGA CACABTAGAA BGTTCTGGGG TCTTGTTGCC ATCQATCCCA CtTGABTTTA 
7701 ATGGCTAGAT CGTGGGCCAT GTTGACBAGA CQCTCTTCTC CTGAGAGTTT CATGACCAGC ATGAAAGGAA 
7771 CTAGTTGTTT BCCAAAGGAT CCCATCCAGG TGTAAGTTTC CACATCGTAG GTCAQBAAGA STCTTTCT8T 
7641 eCGABGATGA GAGCCGATCG 66AA6AACT6 GATTTCCTGC CACCAGTTGG AGQATTSGCT GTTfiATSTGA 
7911 TGGAAGTAGA AGTTTCTGCS GCGCGCCGAQ CATTCGTCTT TST^CTTBTA CAGACSfiCCG CABTAGTCGC 
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7901 ABCQTTeCAC QBSTTBTATC TC8TBAATGA QCTSTACCTC CCTTCCCTTS ACSAGAAATT TCABTSGGAA 
8051 GCCGAGGCCT GBCGATTUTA TCTCBTGCTC TTCTATATTC SCTBTATCSS CCTGTTCATC TTCTGTTYCG 
8121 ATBGTeGTCA TSCTGACeAG CCCCCBCBGG ASSCAAgTCC AGACCTCBGC QCGGGASGBG CGGAGCTGAA 
8191 BBACBAGAGC GCBCAfieCTG BAGCTGTCCA GAGTCCTSAB ACSCTGCGBA CTCA68TTAS TAGGTABSSA 
8261 CA6AABATTA ACTTBCATGA TCTTTTCCAS GGCGTBCeGS ABSTTCASAT BBTACTTGAT TTCCACAGGT 
8331 TC8TTTQTAB ABACBTCAAT BCCTTBCAGB GTTCC6T6TC CTTTGBGCBC CACTACC6TA CCTTTGTTTT 
640 1 TTCTTTTBAT CBSTGGTSBC TCTCTTGCTT CTTSCATSCT CABAASCeST SACGfiBBACS CGCGCCBBBC 
8t(Tl GGCAGCGBTT GTTCCSGACC CSBBBGCATG GCTBCTACTC BCACBTCGGC GCCGCCCACG CBCACBTTCT 
85<H QGTATTGCGC TCTGASAAGA CTTBC6TGCQ CCACCACGCG TC6ATTSAC6 TCTTGTATCT GACGTCTCTS 
8611 GBTBAAASCT ACCGBCCCCS TGABCTTBAA CCTBAAABAG ABTTCAACAG AATCAATTTC S6TATC6TTA 
8681 ACGGCABCTT BTCTCABTAT TTCTTSTACG TCACCAGAGT TSTCCTG6TA GCCGATCTCC GCCAT5AACT 
8751 GCTC8ATTTC TTCCTCCTGA A6ATCTCC6C BACCC6CTCT TTCGACSGTB OCCGCSABBT CATTGEA6AT 
8821 ACBBCCCATB ABTTeBBABA AT6CATTCAT BCCCGCCTCB TTCCA6ACSC BGCTGTAAAC CACSGCCCCC 
8891 TCGGABTCTC TTBCBCBCAT CACCACCTBA GCGAeBTTAA 6CTCCACGT6 TCT0GT8AAG ACCGCATAGT 
22?? TBCATaGGCG CTBAAAAAG6 TASTTGAGTG TSGTQBCAAT eTGTTCeBCG ACSAAGAAAT ACATBATCCA 
90ai TCSTCTCA8C GBCATTTCeC TAACATCGCC CAGABCTTCC AABCGCTCCA TGGCCTCGTA CyVABTCCACB 
^S^tt^'U'^ AAAACTGGGA GTTTCSCeCa fiACACSSTCA ATTCCTCCTC EASAAeACQQ ATGAGTTCGG 
9171 CTATG6TGGC CCSTACTTCS CGTTCGAAG6 CTCCCGGGAT CTCTTCTTCC TCTTCTATCT CTTCTTCCAC 
55?J TAACATCTcr TCTTCBTCTT CAGQCBGCSa ceeAGGCeSC ACGCSSCSAC GTCGACGGCS CACG6SCAAA 
9311 CBeTCGATGA ATCBTTCAAT CACCTCTCCG CBeCGGCBeC BCATQCTTTC AGTSACeBCB CGGCCBTTCT 
Ifll H*!^3"^*'^'* ACACCGCCec GCATCTCCTT AAASTQBTBA CTBefiAeSTT CTCCGTTTBe 

fff 3 S*???*^*^'^ GCGCTBATTA TACATTTTAT TAATTGGCCC BTAGGBACTG CSCGCABABA TCTGATCSTB 
IfiJ ISt^SSIw^ $3!2iISI'^'* AAACCTTTCG ACSAAASCaT CTAACCAGTC ACAGTCACAA SGTASECTSA 
9591 BTACGGCrrC TTBTBBSCCB COeTBOTTAT BTBTTCGBTC TBBBTCTTCT GTTTCTTCTT CATCTC3GGA 

l?t? TJSnJS^ISS I$i^ISi£^r AAABTAGGCA STTCTAASAC SGCGGATGBT GOCSAGBAGC 

SisI ACCASGTCTT TCGBTCCeSC TTeCTeSATA CBCASBCBAT TGGCCATTCC CCAABCATTA TCCTBACATC 
Ii5?™?Si£ niSfflS"^ TCTTfiCATSA GCCGTTCTAC BGeCAC'lTCT TCCTCACCCS TTCT6CCATS 
AGTCCAAATC CBCBCATTGG TTBTACC^BT BCCAACTCAB CTACfiACTCT TTCeSCSABB 
xTSS^ITSSJ AAGSGTGGCT TGAAABTCAT CAAAATCCAC AAAGCGSTGG TftAGCCCCTS 

3S2iJ ISIIiflSST GTAASCACAB TTGGCCATCA CTGACCACTT AACTSTCTgG TSACCAfiBGC GCACGABCTC 
2^1 ?!I2I5Tr'^ AQaCQCQAAT ASSCSCSGST 6TCAAAGATG TAATC6TTGC ABGTGCGCAC CAGATACTGS 
Jefielr??? rftitJfSS? ^^^Jl^ilSS CGBTAGAGAG BCCATCSTtC TGTAECTG6A SCCCCACeGG 
Arrfrl-IIE FSfSilf*®'' CBGTeATABC CBTABATSTA CCTGGACATC CA6STBATTC CTGCGBCGBT 
o«I^SS25S ^SABBAAACT CGCBTACSCS QTTCCAAATG TTBCeTAGCe GCATBAASTA STTCATTGTA 
?~S5?2Sir eACCASTSAG GCSCSCQCAe TCATTGATBC TCTATAGACA CQQASAAAAT SAAASCGTTC 
ISc^J CTCCETAGCC TGGASGAAC6 TGAACGGGTT SGGTCBCGGT BTACCCCGGT TCBaGACTTC 

^ Z«£I$?^Si£ eeCCGSABCC BCGSCTAACS tbstattgbc ACTCCCGTCT CBACCCAGCC TACAAAAATC 

oil TTTTeCTBBT TTCCCAATBB CABGBAACTS ABTCCTArff TTTTrTTTTT 

S?tl IJ^GnfA^n Arflf^Xr? n?J??J^£!t H^*I5'=SCC CCCAACAACA GCCCCCCTCB CAGCAGCASC 

\olli r?f?l»??$« ^A^™?*^^ GTCCCTQCAA CTACT6CAAC TBCCGCCGTS A6CBBTGCBG BACACCCCBC 

]oll] rltl^rllr ACTGeCACBT CTaGOTGCGC CTTCGCCCGA eCGBCATCCe 

J2SS: CBAGpCAAC TBAAAAAABA TTCTCSCGAB eCGTATBTBC CCCAACABAA CCTaTTTACA eaCACAACCfi 

IM21 gCBABBABCC BBASfiAeATB CCAGCTTCCC GCTTTAAC6C eQSTCSTBAS CTGCGTCACB BTTxf^CrR 

?^ B^r??«Sl AeBATTTCBA A6TTBATGAA GTBACABGc! tS??cTCC cIgsIcACa! 

?fl 5??5rSII" ^IS?S£I^^^ gascasacag taaaggaaga bcgtaacttc caaaagtctt 

UoVi llrflttlrr T$I!$S5?'^^ CTSATTBCCC BCBAABAAGT TACCCTTSBT TTGATGCATT TBTeBBATTT 
1 f?i ^ZEfl^'^'^ ACCCTACTAS CAAACCTCT6 ACCBCCCABC TBTTTCTBeT SBTBcIaCAC 

Will ^5rr?»55?^ AT6AG6CTTT CABABAGBCG CTBCTCAACA TCACC6AACC CeASGBBABA TGOTtStaTC 
UnV. 5lSn^I"5 CATTCTACAG A6TATCATA6 TECASGABC8 SAGCCTGS6C CTGSCCSAGa AGBTACCTcr 
^l^Vt^ TCeSTTTTBA GCTTBGGAAA ATATTACBCT EgCAAAATCT ACAAGACTCC StaCE?TCCC- 
^Tr?^S^S? SSSTS^^r C TACATSCGCA TBACGCTciA 6BTCTT6ACC fSiSfB 

1 ilf I BACAtSAATBC ATCBCBCesT TABWCCABC AQBABeCBCS AGTTaIIcbA 

] ,tV, ^SSSS'^'^^^ ATSCACASTT TSCAAASABC TCTGACTBBA SCTGBAACCB AOGeTBABAA TTACTTCCAr 
III J ACTT6CASTB SCASCCTACT CBCABBBCTC TsUcBCCSC BACCCCaS TC?Sec??c 

btct5tT^?^ SAAB6C6AGG ABGAAGABBG CSaItACTTG SAieACTBAT kJSSSJJc 

ItSi ?S2RI2 Sr5rJ«!^^ CBGATCCC8C AATGCGGGCG GCGCTGCAGA GCCAsfcCTC 

m? §SeS?m ScIbSIS ccllicci^r ^^5?^I?^iS cstatcatgs cgttsacgac tcgcScEcc 
4,«Aoui-i.i« bacabcaacc ccaggccaac cgtctatcgb ccatcatgba agctgtagtb ccttcccsat 
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'^"J ^"i^lf^^l ^5ffi?2:^'A VS'^^'ar lltir^cl% ir^Vc^^cl V.^llllTc 

iU I!^?iAr? GTATEATAAC i^JmlSE SsCCSTST CTCAGCSCSA AAGGTTCCAG CBT€ATSCCA 
ill tr^T^erTTC iJieSTGeCG TTaIaTGCTT fcTTSAGTAC TCACCCTBCT AATOTGCCBC CTlseTCAACA 
Sfl] ni^T?!?!?? AAJfrTTTAA STQCTTTBAa ACTBATeSTA TCAQAAfiTAC CTCABAQCSA ABTSTATCAG 

g| ?ccS?JcS SSSS?^ ?ScIJT£c iSI^Gcr Wacmt aaatctgajc cAAecTrm 

1^ 'r^^tc ^S^^ll S.'^?C??^?C J§^afcJlcS SllllVcll tlVrZ^^cl 

i§ ^^??TiST ^^^rl^TIS lallllcSi SSeCCATAB ^GCAAAGTCA B6T|GACBAG casacctatc 
2671 AABAAATTAC CCAABTCACT CCCeCTTTGB BACAQQAAeA CACTSeCAST TTSfiAAGCCA CTCTeAACTT 

ist; iv^iVs^i^ i^ii^fAi fiJ^sKKc 't^^^^'c^i!^ is^^ss 

Mai ?M«BraM AASrlTGSAe CCCA8CATST ATSCCA8TAA CCSACCTTTC ATTAACAAAC TSCTGGACTA 
3Sf I J?5SWA?4e? eCTCCCeCTA TSAACTCTSA TTATTTCACC AATISCCATCT TAAACCCOCA CTeCCTCCCC 

1^ cJIIcTea?! IcScAceS wKtItg^ atscccgacc ctaatsacgg atttctgtgg gacgacstgg 
1^1 acJgcw?^^ mnw?!? chtctgatc atcgcacgtg "maaggaa bgcggtsata wfrecATTC 

13161 tTCTGCATCe CTQTCC6GGB TCATGGBTSC TACCGCGfiCT GASCCCGABT CT6CAAGTCC TTTTCCTABT 
1323 CTACCCTTTT CTCTACACAS TSTACGTASC AGCeAACTCC CTAGAATAAG TCGCCCQAQT TTAATGeGCS 

SagaggIgta cctaaacbat tccttgctca gaccggcaas agaaaaaaat ttcccaaaca atgeaataba 

33? AAGTTTgItG GAT^S^AfsA GTAGATG6AA GACTTATGCT CAGGATCACA GAGACGAGCC TGGGaTCATG 

]tt^\ QeiACTACAA gtagagcgab ccgtagacgc caqcgccatg acagacagag gggtcttgtg tgggacgatg 

llsi AQQATTCSBC CGATEATAGC AGC6TGTTGG ACTTGGGTB6 GAGAGGAAGG GGCAACCCBT TTSCTCATTT 
lIsSI GCeCCCTCGC ttgggtqgta tbttgtcaaa aaaaataaaa AASAAAAACT CACCAABBCC ATGGCGACGA 
13e?1 GCBTACGTTC BTTCTTCTTT ATTATCTGTC tctagtataa tgaggcgagt cgtgctasgc ggagcggtbc 

I?! ?iTATCCGGA GGGTCCTCCT cirVCGTACS AGAGC6TGAT fiCAGCAGCAG CAGGCGACGG CGGTGATGCA 
13791 ATCCCCACT6 6AGSCTCCCT TTCTGCCTCC GCQATACCTG 6CACCTACGG AGGGCAGAAA CAGCATTCGT 
138& TACTCGGAAC TG6CACCTCA GTACGATACC ACCASSTTST ATCTGGTGGA CAACAAQTCG BCGGACATTG 
1393 CTTCTCT6AA CTATCAEAAT GACCACAQCA ACTTCTTGAC CACGGT6GTG CAQAACAATQ ACTTTACCCC 
14001 TACGGAAGCC AGCACCCAOA CCATTAACTT TGaTBAACSA TCSCGBTGGG GCSSTCASCT AAAGACCATC 
t3o7l ATBCA^CTA ACATQCCAAA CGTGAACGAQ TATATCTTTA GTAACAAGTT CAAAGCGCGT GTQATGGTGT 
l^nil CCAGAAAACC TCCCGACGGT GCTGCAGTTG GGGATACTTA T6ATCACAA6 CASGATATTT TBGAATAFBA 
14211 6TGGTTCGAG TTTAC7TT6C CAGAAGGCAA CTTTTCAGTT ACTATGACTA TTGATTTGAT GAACAATGCC 
1428 ATCATA6ATA ATTACTTGAA AGTBGGTAQA CAGAAT6GAG T6CTTGAAAS TBACATTGGT 6TTAA6TTC6 

iSlii acaccaIsaa cttcaabcts qgatsggatc ccgaaaccaa gttgatcatg CCTOGAGTGT ATACGTATSA 

14421 AGCCTTCCAT CCTGACATTB TCTTACTGCC TSSCTBCGGA GTSGATTrrA CCSAGAGTCG TTTGABCAAC 
141191 CTTCTTGGTA TCAGAAAAAA ACAGCCATTT CAAGAGGCTT TTAAGATTTT GTATGAAGAT TTAGAaggTG 
14561 GTAATATTCC GGCCCtCTTS GATGTAGATG CCTATGAGAA CAGTAA6AAA GAaCAAAAAG CCAAAATAGA 
14531 ASCTBCTACA 6CTGCTGCAS AAGCTAAGGC AAACATAGTT GCCAGCGACT CTACAAGCGT TGCTAACBCT 
1470 GGAGAGGTCA GABBAGACAA TTTTGCGCCA ACACCTBTTC CGACT6CA6A ATCATTATT6 GCCGATBTGT 
14771 CTGAAG6AAC QBACGTGAAA CTCACTATTC AACCTGTABA AAAAGATABT AASAATAGAA GCTATAATBT 
14BI11 OTTGGAAQAC AAAATCAACA CAGCCtATCG CAGTTGGTAT CTTTCGTACA ATTATGSCGA TCCCBAAAAA 
14Bn GGA6TGCBTT CCTGGACATT GCTCACCACC TCAGATGTCA CCTGCGGAGC ASAGCAGGTT TACTGGTCGC 
14981 TTCCAGACAT GATGAAQSAT CCTGTCACT7 rCCGCTCCAC TAGACAAQTC AGTAACTaCC CTGTGBTSG5 
15051 TGCAGAGCTT ATSCCCBTCT TCTCAAAGAB CTTCTACAAC GAACAAGCT6 TGTACTCCCA GCAGCTCCGC 
151S1 CAGTCCACCT CGCTTACGCA CBTCTTCAAC CSCTTTCCTe A6AACCABAT TTTAATCCGT CCGCCGGCGC 
1$1G1 CCACCATTAC CACCCTCAGT GAAAACQTTC CTGCTCTCAC A6ATCACBG8 ACCCTGCCBT TGCGCAGCaQ 

15»t tatccggoga gtccaacqtg tgaccgttac tgacgccaga cgccgcacct gtccctacgt gtacaabgca 
15331 ctgggcatab tcgcaccgcg cgtcctttca agccccactt TCTAAAAAAA AAAAATGTCC attcttatct 

15401 CGCCCAGTAA TAACACC61ST TGGBGTCTGC GCGCTCCAAG CAAGATGTAC GGAGSC6CAC GCAAACGTTC 

15471 TACCCAAWT CCCGTBCGTG TTCGC6GACA TTTTCGCGCT CCATGGGGTG CCCTCAAGG6 CCGCACTCGC 

15541 GTTCGAACCA CCGTC6ATGA TBTAATCSAT CAGGTG6TT6 CCGACGCCCG TAATTATACT CCTACTSCGC 

ISen CTACATCTAC TBTCGATGCA BTTAT7GACA GTBTAGTeGC TGACBC7CGC AACTAT6CTC GACBTAAGAG 

1S681 CCSQCfiAAGB CSCATTGCCA QACfiCCACCG AGCTACCACT GCCATGCSAG CCGCAAGAGC TCTBCTACGA 

15761 agagctagac bcgtggqgcg aagagccatg cttagggcgo ccagacgtgc AGCTTCQGGC GCCAGCGCCG 
15821 GCABBTCCCB CAGGCAAGCA SCCGCTGTCB cagcggcgac TATTGCCGAC atggcccaat CGCGAAGASG 
15681 CAATGTATAC TBBBTGCGTG ACGCTGCCAC CGGTCAACGT 6TACCC6T8C GCACCCGTCC CCCTCGCACT 
15d61 TAGAAGATAC TCAGCAQTCT CCGATGTTGT GTCCCAGCGG GGAGGATGtC CAA8C6CAAA TACAAS6AAG 
16031 AAATGCTBCA 66TTATCGCA CCT6AACTCT ACGCCCAACC 6TTGAABGAT GAAAAAAAAC CCCGCAAAAT 
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16101 CAA&CGdGTT AAAAAG6ACA AAAAA6AAGA GGAAGAT66C GATGATGCGC TOQCGBABTT TGTGCGCGAG 

16171 TTTGCCCCAC eeCGACGCGr GCAATGGCGT GGGCGCAAAG TTCGACATGr OTTGAGACCT GGAACTTCGG 

^^^) TGSTCTTTAC ACCCCGCQAG CSTTCAAOCG CTACTTTTAA GC9TTCCTAT GATOABBTGT AC66fi6AT6A 

15311 TGATATTCTT GaGCAGSCGG .CTGACCGATT AGGCGAGTTT GCTTATGGCA AGCQTA6TA8 AATAACTTCC 

10381 AA$BAT8AGA CAGTGTCAAT ACCCTTGGAT CATGBAAATC CCACCCCTA& TCTTAAACCfi GTCACtTTSC 

16451 AQCAAGTGTT ACCCGTAACT CCGCGAACAG GTGTTAAACe C6AASBTGAA GATTTGTArC CCACTATGCA 

1Q521 ACTGATGGTA CCCAAACGCC A6AAGTT6GA GGACGTTTTG GAGAAAGTAA AA6TGGATCC AGATATTCAA 

1B591 CCTGAGSTTA AAGTGAGACC CATTAAGCAG GTAGCGCCTG QTCTCGBGCT ACAAACTGTA GACATTAAGA 

16661 TTCCCACTGA AA6TAT6GAA 6TGCAAACTG AACCCGCAAA GCCTACTGCC ACCTCCACTG AAGTGCAAAC 

16731 SGATCCATGG AT6CCCATGC CTA7TACAAC TGACGCCGCC GGTCCCACTC 6AAGATCCCG ACQAAAGTAC 

16501 GGTCCAGCAA S7CTQTT6AT GCCCAATTAT GTTGTACACC CATCTATTAT TCCTACTCCT 6GTTACCGAG 

18571 GCACTCGCTA CTAfCGCAGC C6AAACACTA CCTCCCGCCG TCGCCGCAAG ACACCTQCAA ATCGCAGTCG 

16941 TCGCCGTAQA CGCACAAGCA AACCGACTCC CGGCGCCCTG GTGCGGCAAG TGTACCSCAA TSGTAGTGCG 

17011 GAACCTTTGA CACTGCCECG TCCCCGTTAC CATCCGAGTA TCATCACTTA ATCAATGTTG CCGC76CCTC 

17081 CTTGCABATA tggccctcac ttstcgcctt cgcgttccca tcactqgtta ccgassaaga aactcccgcc 
17151 qtagaagagg gatgttggga cgcggaatgc gacgctacag ecGACoecGT gctatccgca agcaattgcg 

GG6TGGTTTT TTACCA6CCT TAATTCCAAT TATC6CTGCT SCAATTGGCB CGATACCAGG CATAGCTTCC 
172S1 CTGCCGCrrC AGGCC7CGCA ACGACATTGA CATT8QAAAA AAAACGTaTA AATAAAAAAA AATACAATGG 
17361 ACTCTGACAC TCCT6GTCCT 6TGACTATGT TTTCTTAGA6 ATGSAAGACA TCAATTTYTC ATCCTTGGCT 

\ 17431 CCCCCACACG GCACGAAGCC CTACATGGGC acctggagcg ACATCGGCAC GAGCCAACTG aacsggggcg 
17601 CCTTCAATTG GAGCA6TATC TGGA6CG6GC TTAAAAATTT TQGCTCAACC ATAAAAACAT ACGGGAACAA 
17571 AGCTTGCAAC AGCAGTACAG GACABGCGCT TAGAAATAAA CTTAAAGACC AGAACTTCCA ACAAAAABTA 
17641 STCGA7GGQA TaGCTTCCGG CATCAATGGA GTGGTAGATT TGGCTAACCA BBCTGTBCAG AAAAAGATAA 

17711 ACAGTCCTTT GGACDCGCCC CCAGCAACCC caggtgaaat gcaagtggag saaqaaattc ctccgccaga 
17701 aaaacgagsc gacaagcgtc cgcgtcccga tttsgaagag acgctgctga cgcgcgtaba teaaccgcct 
17851 tcttatgagg aagcaacgaa gcttggaatg cccaccacta gaccgatagc CCCAATGQCC ACCSeSSTGA 

17921 TGAAACCTTC TCAGTTGCAT CGACCCGTCA CCTTGGATTT fiCCCCCTtCC CCTGCTGC7A CTGCTGTACC 
17881 CGCTTCTAAG CCTGTCGCTG CCCCGAAACC AGTCGCCGTA GCCAGQTCAC 9TCCCQGBGG CGCTCCTCGT 
IBOei CCAAAT6CSC ACT6GCAAAA TACTCTCAAC AGCATCGTGB GTCTAGGCST fiCAAAGTSTA AAAC6CCSTC 
18131 CCTCCTTTTA ATTAAATATG CACTACCGCT TAACTTGCCT ATCT6TGTAT ATQTSTCATT ACACQCCQTC 
162D1 ACAGC/^GCAG AGSAAAAAAG GAASAGGTCG TGCGTCGACQ CTGABTTACT TTCAAQATCG CCACCCCATC 
18271 GATGCTCCCC CAATGGGCAT ACATCCACAT CCCCGGACAC GATCCT7CGG AGTACCTGA6 TCCGGGTcTG 
18341 GTGCAGTTC6 CCCGCGCCAC AGACACCTAC TTCAATCTGG GAAATAAGTT TAGAAATCCC ACCGTAGCGC 
18411 CBACCCACCA TG76ACCACC BACCQTAQCC ACCGGCTCAT GTTGCGCTTC GTGCCCGTTG ACCGQBAGBA 
16481 CAATACATAC TCTTACAAAG TGCQGTACAC CCTG6CCGT6 SGC6ACAACA GAGTBCTGGA TATSaCCABC 
18551 ACGTTCTTTC ACATTAGGGG CGTGTTCGAC ABAGGTCCCA GTTTCAAACC CTATTCTGGT ACGGCTTACA 
18621 ACTCTCTGGC TCCTAAAGGC GCTCCAAATG CATCTCAATG GATTGCAAAA GQCGTACCAA CTGCAGCAGC 
18691 CGCA6GCAAT CGTGAAGAAG AACATGAAAC AGABGAGAAA ACTGCTACTT ACACTTTTSC CAATGCTCCT 
,18761 6TAAAAGCCQ A6GCTCAAAT TACAAAAGAG GGCTTACCAA TAGGTTTG6A SATTTCAGCT GAAAACGAAT 
18831 ctaaacccat ctatgcagat aaactttatc agccagaacc TCAAGTGGSA GATGAAACTT GSACTBACCT 

18901 AGACGGAAAA ACCBAAGAGT ATOBAGGCAS 6BCTCTAAAG CCTACTACTA ACATfiAAACC CTGTTACGGG 
18971 TCCTATGCGA AGCC7ACTAA TTTAAAAGGT GGTCAG6CAA AACCCAAAAA CTCOGAACCG TCBAGTfiAAA 
) ]S9?^ ^J^^nSS'^'^ TBATATTSAC ATGGAATTTT TT6ATAACTC ATCGCAAAGA ACAAACTTCA GTCCTAAAAT 
IV.ll ^'^T^CATQTAT QCABAAAAT6 TAGGTTTGGA AACGCCA5AC ACTCATGTAG TBTACAAACC TQGAACAGAA • 

l^Vi S^SaS^^II SHI^^SIiS m^^f^^^f^ CAGTCTATGC CCAACABACC CAACTACATT 6QCTTCABAG 
18251 ATAACTTTAT TQBACTCATG TACTATAACA STACTBGTAA CATGGGSGTG CTGGCTGGTC AAQCBTCTCA 
gttaaatoca GTGGTTSACT TSCAGGACAG AAACaCABAA CTTTCTTACC AACTCTTGCT TSACTCTCTB 
18391 GGCGAtAGAA CCAGATACTT TAGCAtBrGG AATCABBCTG TCGACAGTTA TGATCCTBAT fiTACGrsTTA 
19481 TT6AAAATCA TB6TGTGGAA GATGAACTTC CCAAC7ATTG TTTTCCACTG eACGGCATAG GrGTTrrilp 
19531 AACCAGTTAC AAATCAATA6 TTCCAAATBG AGAAGAliAT iATAATTGGA AABiACCTSA AGTAAAtSSS 
l^l titt^l^tl^ TCGGACA6GG TAATTT6TTT GCCATGGAAA TTAACCTTCA ABCCAATCTA TCGCGAAGTT 
]^] I£?riT^"^ CAATGTGGCr CTGTA7CTCC CaGACTCGTA CAAATACACC CCGTCCAATG TCACTCTTCC 

AACACCTACe ACTACATGAA CGGGCGBGT6 GTGCCGCCAT CTCTAGTAGA CACCTATGTG 
ll!2 ^ AACATTGQTG CCAGGTGGTC TCTQGATBCC ATQGACAATG TCAACCCATT CAACCACCAC CaTAAtQCTG 
18681 GCTTSCSTTA CC6ATCTATG CTTCTGGGTA ACGGACGTTA TBTGCCTTTC CACATACAAG TGCCTCAAAA 
on^3 ATTCTTCGCT GTTAAAAACC TGCtSCTTCT CCCASGCTCC TACACTTATG ABTS6AACTT TABGAAM^ 
20^ GTGAACArBG 7TCrACA6AG TTCCCTCGGT AACQACCTGC GGGTAGATGG CECCAGCATC AGTTTCACgI 
20091 GCATCAACCT CTATGCTACT TTTTTCCCCA TGGCTCACAA CACCGCTTCC ACCCTTGaIq CcItQCTGCG 
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20191 a^T«.CACC AATaATC/.aT "TIOAACJA CyCCTATCT |«JCTAAC. J^CTCTACCC CATTCCTGCC 
20231 AATGCAACCA ATATTCCCAT "CCATTCCT TCTCGCAACT tTTQTCTATT CTGGTTCTAT 

20301 6ACTSAAAAC CAAA8AAACT CCCTCTTTES SBTCTfiSAM '^^^^^^t,. ccaTCATGTT TBACTCTTCA 
2037 TCCCTACCTG GATGeTACCT TCTACCTfiAA C^ACACTTTT AABAABS^ aAAGCBCACT fiTQCATGeCS 
STSAfiCTWC CTGGAAATGA CAGGTTACTA TCTCCTAACG AATTTSAAAIi AAABtbWA^^ CCAACTACAA 
20511 AABBCTACAA CSTAGCCCAA TGCAACATGA CCAAA^*^ saTCGCATST ATTCATTTTT CAGAAACTTC 
aOSai CATCBGCTAT CASQGCTTCT *W"CCASA AGSATACftAA gGCCGTCGCC ATACCCTACC 

20651 CAGCCCATGA eCASSCAGGT |STTeATCAC CTCAATTACA If^ ^^.^^ GGTCAACCCT ATCCCECTAA 
20721 AACACAACAA CTCTBBCTTT eTGGGTTACA JB^^IfJ^glf GTTACGCAGA AAAAGTTCT7 GTBTGACAGA 
20791 CTATCCCTAT CCACTCATTB GAACAACTGC «JAAA| tgGGGGCCCT TACAGAC7TG fiGACAGAATA 
aOSet ACCATSTGGC SCATACCGTT "CGAGCAAC TTCATS^tjM g^ggj^T cCCATBSATe AQCCCACCCT 

20931 TGCTCTATCC CAACTCACCT CATGCTCTGG AEfilleteTfl CATCAfiCCAC ACCGCBBCAT CATCGAfiGCA 
21001 BCTTTATCTT CTCTTCGAAG TTTTCGACGT fBTCASASTO "TCABCUftU TTGCAAATAS 

E s S i i « ™- 

'ini S ivB^ ras ii« 

21351 ACCCACGTTC TAACACCTSC TACCTTTTTS ^'^^'il'fS ei-rScCAABG ACCGCTGTaT TACGCTBBAA 
21*21 CCABTTTSAA TATSAfiSSTC TCCTSCSCCS CAGC8CTCTT CCTftCCAABG AUCB^^^T^^ TTCCTTCACe 
21^1 AAATCTACCC AGACCGT6CA CGGCCCCCCT JCTCCCCCCT CCBB tr TTGCTAACTS OASTQCCAAA 
21561 CCTTTGTGCA CTG6CCT6AC CGTCCCATBS *5««*7Stet GACAATCAAA AAQCACTCTA CCATTTTCTT 
21631 cyVACATfiCn CATTCTCCTA AASTCCAGCC CACCCTGTGT GACAATCAAA ^ ^^^^ 6ACCSTATBB 
81701 AATACCCATT CGCCTTaTTT T^CBCTCTCAT CGTACACACA « w „ TOTATCAABB 

21771 ATGTTCAATA ATGACTCATG TAAACAACGT STTCAATAAA sat ft matgacccs CAGGCABTSA 

S h^ii uss?sL 

22261 TGCAATCeCA BTGCAfiGGGG ATCABTATCA TCTTGECCTB ATCClb t, ^ CCCGCAGBAC 

22331 CATGAAAGCA TCATATTECT TGAAAGCCTG CTCB6CTTTA ^^^^^^^^^g eCCGTCATTG TTGeCTATTT 

^\ S3 fSi S H i fefS ilSESfJS 

ill H?i lii iHs SJ ~ 
Si S ii s Si siisss issifs S 

i lii S iPl Si S| 

23101 CTTGACTGAT STCTTSCArB SGBATAIbli '"JiSilgJ^ g^^TrCGCTCA CCATTACCAA CTSACTBTCG 
Hill 25!rAlilAC C^iSc" S^wScS It5TT?T?CT fCBBGBeCAS AGBTGGA6GC GATTSCGAAB 
ill? ?Ic?Sr|S?c CBACCTGGAA GGCGGATGAC TGBCAGAACC CCTTCCSCeT TCBSGGGTGT SCTCCCTBTB 

i Si i A^ i I S iii^iiiii ss^^'tJS?! ssss ii&^r. 

ii El i ii ^aS^^^^^^cS rai^ 

f?^] JScrsBTMi ACACGAB6AA BAGTT6AAAC GCTTTCTAGA GAGAGA6GAT GAAAACTGCC CAMACABCQ 

IS SB S ?i?sb5 'cJi??s5t5 ^i^f£\ ^ .1^ 

gl? S28?GCCWT CACTBTSGAA GAGCTCAGCT GCGCCTACCA CCTTAACCTT TTTTCAtCYC BTACTCCCCC 
rMiAAreTrAR C!CAA.AC(5GCA CCTGCGAGCC AAATCCTCCC TTAAACTTTT ATCCAGtTTT TfaUT67eiii-A 

iftoi gJ^tactgo ctacctatca ci;??TT??T SSaaatcaaa aaattccabt ctcctgccgc bctaatcsca 

iiSol rrreeScCBA TBCCCTACTC AATCTGGGAC CTSGTTCACG CTTACCTSAr ATASCTTCCT TGGAAQAHBT 
UJil ?CCaS5StC T?CgS6CTC ?^SS?AA TgIgAcTCGG GCCGCAAATG CTCTBCAAAA eSSABAAAAT 



wo 02/40665 



11/47 



PCT/NLOl/00824 



24221 eGCATGGATB AaCATCACAB CGTTCTGGTS GAATTSSAAB BCGATAATQC CA&ACTCGCA GTACTCA^GC 
2^291 GAA5CGTCBA SETCACACAC TTCGCATATC CCSCTBTCAA CCTQCCCCCT AAAGTCATeA CCGCGeTCAT 
24361 G6ACCAGTTA CTCATTAAGC BCSCAAQTCC CCTTTCAeAA 6ACATGCATB ACCCAGATGC CTGTGATGAe 
2^431 GSTAAACCA6 T68TCAeTGA TGAGCAGCTA ACCCGATGGC TGCCCACCGA CTCTCCCCGG eATTTGGAAC 
24601 AGCGTCGCAA SCTTATGATG 6CCGTGST5C TBSTTACCGT A6AACTASA6 TGTCTCCGAC GTTTCTTTAC 
24571 CSATTCA6AA ACCTTGCGCA AACTCQAAGA GAATCTQCAC TACACTTTTA ^ACACGGCTT TGTGCGGCAB 
24641 GCATOCAAGA TATCTAAC6T SSAACTCACC AACCTGQTTT CCTACATSQG TATTCTfiCAT SAGAATCGCC 
247; 1 TAQQACAAAG CGT6CT6CAC AGCACCCTTA AGGGGGAAGC CCGCCGTCAT TACATCCGCG ATTGTGTCTA 
24781 TCTCTACCT6 TGCCACACGT 96CAAACCGG CATGG5TGTA TGGCAGCAaT 6TTTA6AA6A ACAGAACTTB 
24661 AAASA6CTTG ACAAGCTCTT ACAGAAATCT CTTAAGSTTC T6T6GACAQG GTTCGAC&AG CGCACCGTC6 
24921 CTTCCQaCCT eSCAGACCTC ATCTTCCCAG AGCGTCTCAS GGTTACTTT6 CGAAACBGAT TGCCTGAC7T 
24991 TATBAGCCAG AGCATCCTTA ACAATTTTCG CTCTTTCATC CTGGAACGCT CCGQTATCCT GCCCGCCACC 
25061 TOCTBCQCAC TQCCCTCCGA CTTTBTGCCT CTCACCTACC GCSAGTGCCC CCCfiCCGCTA TBGAGTCACT 
25131 GCTACCT6TT CC6TCTQ5CC AACTATCTCT CCTACCACTC GGATGTGAtC CACC&TGTCA GCCQAGACCC 
26201 CTTGCTQ6AB TBCCACTGCC SCTGCAATCT 6TBCACQCCC CACC6GTCCC TAGCTT6CAA CCCCCAGTTG 
25271 ATGA6CGAAA CCCABATAAT AGBCACCTTT 6AATT&CAAG GCCCCAGCAG CCAAGGCBAT GGBTCTTCTC 
25341 CTGBSCAAAG TTTAAAACTG ACCCCGGGAC TGTB6ACCTC CGCCTACTTG CGCAAGTTTG CTCCGGAAGA 
25411 TTACCACCCC tatgaaatca agttctatga CGACCAATCA CAGCCTCCAA AGGCCGAACT TTCOGCTTGC 
25481 STCATCACCC AGGGGGCAAT TCTGGCCCAA TT6CAA6CCA TCCAAAAATC CCGCCAAGAA TTTCTACTEA 
25551 AAAAGGGTAA GGGGGTCTAC CTTGACCCCC AGACCGGCCA GCAACTCAAC ACAAGGTTCC CTCABGATGT 
25621 CCCAACGACB AGAAAACAAG AAGTTGAAGG TGCAGCCGCC GCCCCCAGAA 6ATATGGAGG AAGArTGGGA 
25691 CABTCAGGCA BAGGAGGCGG AGGAfi&ACAG TCTG6AGGAC A6TCT6GA66 AA6ACAGTTT BGAGGA66AA 
2S761 AACGAGGAQB CAGA66AG6T GBAABAAQTA ACCGCCGACA AACABTTATC CTC66CT6CI5 GABACAAGCA 
2583 T ACAGCGCTAC CATCTCCGCT CCGAGTC6AG GAACCCGGCG GCGTCCCAGC AGTAGATGGG ACCAGACCGG 
25901 ACOCTTCCCC AACCCAACCA GCGCTTCCAA SACCQGTAAtS AAeSATCGBC ASGGATACAA GTCCTGGCGG 
25971 6GGCATAAQA ATGCCATCAT PTCCTGCTTG CATGAGTGCB GSGGCAACAT ATCCTTCACC CCGCGCTACT 
26041 TGCTATTCCA CCATGGBSTG AACTTTCC6C GCAATQTTTT SCATTACTAC CGTCACCTCC ACAGCCCCTA 
26111 CTATAGCCA6 CAAATCCCGA CAGTCTCGAC AGATAAAGAC AGCGGCGGCG ACCTCCAACA GAAAACCAGC 
26181 AGCGGCAGTT AGAAAATACA CAACAAGTSC AGCAACAGBA SGATTAAA8A TTACAGCCAA CGACCCAGCG 
26251 CAAACCCGAG ABlTAAGAAA TCG6ATCTTT CCAACCCTGT ATGCCATCTT XCAGCAGACT CGGGCTCAAG 
26321 AGCA6GAACT 6AAAATAAAA AACCGATCTC TGCGTTCGCT CACCAGAAGT TGTTTGTATC ACAAGAGCGA 
26391 AGATCAACTT CASCGCACTC TCGAGGACGC CBAGGCTCTC TTCAACAACT ACTGCGCGCT GACtCTTAAA 
26Wt GA6TAGGCAB CQACCSC6CT TATTCAAAAA AG6C66GAAT TACATCATCC TCGACATGAG TAAAGAAATT 
26531 CCCACQCCTT ACATGTSeAfi TTATCAACCC CAAATSBSAT TG6CAGCAGG CGCCTCCCAG GACTACTCCA 
26601 CCCBCATfiAA TTGGCTCABC eCCBGBCCTT CTATSATTTC TCCAGTTAAT GATATACQCG CCTACCBAAA 
26671 CCAAATACT7 TTGGAACABT CAGCTCTTAC CACCAC6CCC CGCCAACACC TTAATCCCAG AAATTGGCCC 
26741 6CCSCCCTA6 TGTACCAGGA AA5TCCCGCT CCCACCACTG TATTACTTCC TCGA6ACGCC CAGGCCGAAG 
26811 TCCAAATGAC TAATGCAGGT GCGCAGTTAG CT6CCBGCTC CACCCTAT6T CGTCACAGGC CTCCCCATAA 
26861 TATAAAACGC CTGATGATCA GAGQCCGAGG TATCCAGCTC AACGACGAGT CGBTSAGCTC TCCSCTTGBT 
26951 CTACGACCAB ACGBAATCTT TCACaTTGCC gsctbcgqba oatcttcctt cacccctcgt caggctgttc 

27021 TGACTTTBGA AAGTTCGTCT TCCCAA.CCCC eCTCQQQCBG AATCBBQACC fiTTCAATTTG TaGAGGAGTT 

27091 TACTCCCTCT GTCTACTTCA ACCCCTTCTC CGGATCTCCT GGGCACTACC CGGACBABTT CATACCGAAC 

27161 TTCQACGCGA TTAGCGAGTC AGTGGACGQC TACGATTGAT GTCTGQTGAC GCG6CTGAGC TATCTCGGCT 

27231 GCGACA7CTA GACCACTBCC GCCGCTTTCG CTGCTTTGCC CGGGAACTTA TTGAGTTCAT CTACTTCGAA 

27301 ctccccaags atcaccctca aggtccggcc cacggagtqc GGATTACTAT CGAAQQCAAA ATAGACTCTC 
?Z?7I gcctgcaacb aattttctcc ctabcggcccs TGCTQATCGA GCGASACCAG QCAAACACCA cggtttccat 

27441 CTACTGCATT TBTAATCACC CCfiGATTGCA TQAAAGCCTT TGCTGTCTTa TGTQTACTeA BtTTAATAAA 
SZfiJ AACTGAATTA AGACTCTCCT ACGBACTSCC GCTTCTTCAA CCCGGATTTT ACAACCABAA GAACAAAACT 
il^V. lll^^l^^^^ TCCA8BACTC TGTTAACTTC ACCTTTCCTA CTCACAAACT AGAAGCTCAA C6ACTACACC 
27B51 CCTTTTCCAfi AAGCATTTTC CCTACTAATA CTACTTTCAA AACCG6AGGT GAGCTCCACG GTCTCCCTAC 
27721 A6AAAACCCT TG6BT8GAAG CGQGCCTTGT A6TACTAGGA ATTCTTGCGG GTGGSCTTGT GATTATTCTT 
27791 TGCTACCTAT ACACACCTTG CTTCACTTTC CTACTGGTGT TBTGQTATTG GTTTAAAAAA TSGGGCCCAT 
A"ABTC7TB CTTOTTTTAC TTTC6CTTTT GGAACCeGGT TCTGCCAATT ACGATCCATG TCTA6ACTTT 
ACT6CACACT TACTTTTGCA CCCGACACAA CCCGCATCTG TCGAGTTCTT ATTAAGTGM 
|S221 S5T???^^^ CAGGTCCGTT GAAATTACAC ACAATAACAA AACCTGGAAC AATACCTTAT CCACCACATG 
28071 6BASCCAGQA GTTCCCSAfiT GGTaCACTGT CTCTGTCCGA GGTCCTGACO GTTCCATCCS CATTASTAAC 
^Xn\ ^i^^^TIIH^ TTTTTTCTQA AATGTGCGAT CTGGCCATGT TCATGAfiCAA ACAGTATTCT CTAT&SCCTC 
2621 1 CTA5CAAGGA CAACATCETA ACGTTCTCCA TTGCTTATTQ CTTSTGCGCT TqcCTTCTTA CTBCTTTACT 
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STGCeTATBC ATACACCTGC TT6TAACCAC Tt&CATCAAA AACGCCAATA ACAAAt2AAAA MTGCCTTAA 

CCTCTTTCtG TTTACAQACA TGBCTTCTCT TACATCTCTC ATATTTSTCA GCATTGTCAC ^GCCCCTCAC 

G5ACAAACAS TCQTCTCTAT CCCACTAGGA CATAATTACA CTCTCATAGG ACCCCCAATC ACTTCACAW 

TCATCTGSAC CAAACTCGOA AeceTTGATT ACTTTGATAT AATCT6TAAC AAAACAAAAC CAATAATACT 

AACTteCAAC ATACAAAATC TTACATTGAT TAAT6TTASC AAAGTTTACA GCeGTTACTA TTATMTTAT 

GACA^AtACA GTAeTCAATA TAGAAATTAC TTSSTTCGTa TTACCCAGTT GAAAACCACG AAAATGCCAA 

ATATGCSCAAA GATTCGATCC GATGACAATT CTCTAGAAAC TTTTACATCT CCCACCACAC CCGACGAAAA 

AAACATCCCA gattcaatga ttgcaattgt tgcagcgstg gcagtggtba tggcactaat aataatatgc 

atgcttttat atgcttgtcg ctacaaaaag TTTCATCCTA AAAAACAAGA tctcctacta AGGCTTAACA 
tttaatttct ttttatacag ccatggtttc cactaccaca ttccttatgc ttactagtct CGCAACTCTS 

ACT7CTGCTC GCTCACACnX CACTGTAACT ATAGSCTCAA ACTGCACACT AAAA66ACCT CAACCTCGTC 

atgtcttttc ctggagaata tatgacaatg satggtttac aaaaccatst gaccaacctb gtagattttt 
CTQCAACGGC aqagacctaa ccattatcaa cgtsacagca aatgacaaaq gcttctatta tggaaccgac 

TATAAAAGTA GTTTAGATTA TAACATTATT GTACTGCCAT CTACCACTCC ACCACCCCGC ACAACTACTT 
TCTCTA6CAG CAGTQTCGCT AACAATACAA TTTCCAATCC AACCTTTGCC GCGCTTirAA AACGCACTGT 

gaataattct acaacttcac atacaacaat ttccacttca acaatcagca tcatcgctsc agtgacaatt 

eSAATATCTA TTCTTGTTTT TACCATAACC TacTACGCCT GCTCCTATAG AAAAGACAAA CATAAASGTG 
AtCCATTACT TAGATTTBAT ATTTAATTTS TTCTTTTirT TTATTTACAS TATGfiTGAAC ACCAATCATB 
fiTACCTAGAA ATTTCTTCTT CACCATACTC ATCTBTGCTT TTAATGTTTG CGCTACTTtC ACAGCAGTAG 
CCACAGCAAC CCCAGACTGT ATASGABCAT TTGCTTCCTA TGCACTTTTT GCTTTTGTTA CTT6CATCTG 
CSTATStAGC ATAGTCTGCC TBBTTATTAA TTTTTTCCAA CTTCTAGACT GGATCCTTGT GCGAATTSCC 
TACCTGCGCC ACCATCCCGA ATACCGCAAC CAAAATATCG CSCCACTTCT TAGACTCATC TAAAACCATG 
CAGGCTATAC TACC/IATATT TTTGCTTCTA TTGCTTCCCT acqctstctc AACCCCAGCT GCCTATAGTA 
CTCCACCASA ACACCTTAGA AAATGCAAAT TCCAACAACC GTGGTCATTT CTTGCTTSCt ATCCABAAAA 
ATCAGAAATC CCCCCAAATT TAATAATGAT TCCTGGAATA ATTAATA7AA TCTCTTGCAC CaTAAJTTCA 

tttttgatat accccctatt tgatttt6cc tcqaatgctc ccaatgcaca tsatcatcca caagacccag 
aqgaacacat TCCCCCACAA aacatgcaac aTccaatagc gctaatagat tacgaaagtg aaccacaacc 

CCCACTACTC CCT6CTATTA GTTACTTCAA CCTAACCQSC GGAOATGACT GAAACACJCA CCACCTCCAA 
TTCCeCCGAG SATCTGCTCG AtATGGACGQ CCGCGTCTCA QAACAACGAC TTSCCCAACT ACGCATCCQC 
CAGCAGCAQQ AACaCQTGSC CAAAGAGCTC AGAGATGTCA TCCAAATTCA CCAATQCAAA AAASGCATAT 
TCTGTTTGGT AAAACAAGCC AA6ATATCCT ACGAGATCAC CBCTACTGAC CATCBCCTCT CTTACGAACT 

tcgcccccaa csacaaaaat ttacctscat eercQSAATc aaccccatab ttatcaccca acaaagtsga 

GATACTAAGG BTT6CATTCA CTBCrCCTGC GATTCCATCS AGTGCACCTA 'CACCCT6CT6 AAGACCCTAT 
GCGGCCTAA6 AGACCTGCTA CCAATGAATT AAAAAAAAAT GATTAATAAA AAATCACTTA CTTGAAATCA 
GCAATAASBT CTCTSTTQAA ATTTTCTCCC AGCAGCaCCT CACTTCCCTC TTCCCAACTC TGGTATTCTA 
AACCCCGTTC AGCGGCATAC TTTCTCCATA CTTTAAAGGG GATGTCAAAT TTTAGCTCCT CTCCTGTACC 
CACAATCTtC ATBTCTTTCT TCCCAGATCA CCAAQAGAQT CC6CCTCABT BACTCCTTCA ACCCTQTCTA 
CCCCTATBAA 6ATGAAAGCA CCTCCCAACA CCCCTTTATA AACCCACGGT TTATTTCCCC AAATGGCT7C 
ACACAAAGCC CACACGGAGT TCTTACTTTA AAATGTTTAA CCCCACTAAC AACCACAGGC GGATCTCTAC 
AGCTAAAAQT GGGAGGGGGA CTTACASTGG ATGACACTGA TGGTACCTTA CAAGAAAACA TACGTGCTAC 
ACCACCCATT ACTAAAAATA ATCACTCTGT AGAACTATCC ATTGGAAATG 6ATTAGAAAC TCAAAACAAT 
AAACTAT6TG CCAAATTBGG AAA7SGBTTA AAATTTAACA AGGGTGACaT TTGTATAAAG GATaGTATTA 
ACACCTTATG GACTSGAATA AACCCTCCAC CTAACtQTCA AATTGTGGAA AACACTAATA CAAATGATGG 
CAAACTTACT TTASTATTA6 TAAAAAAT6G AGG6CTTGTT AATGGCTACG TGTCTCTAGT TSGTCTATCA 
GACACTGTGA ACCAAATSTT CACACAAAAG ACABCAAACA TCCAATTAAG ATTATATTTT GACTCttCTG 
GAAATCTATt AACTGAGBAA TCAGACTTAA AAATTCCACT TAAAAATAAA TCTTCTACAG CSACCAGTGA 
AACTSTAGCC AGCAGCAAAE CCTTTATGCC AAGTACTACA GCTTATCCCT TCAACACCAC TACTAGGGAT 
AGTBAAAACT AtATTCATGG AATATSTTAC TACATGACTA GTTATGATAG AAGTCTATTT CCCTTGAACA 
TTTCTATAAT CCTAAACAGC CSTATGATTT CTTCCAATGT TCCCTATGCC ATACAATTTG AATGGAATCT 
AAATGCAAGT GAATCTCCAG AAAGCAACA7 AGCTACGCTC ACCACATCCC CCTTTTTCTT TTCTTACATT 
ACACAAGACG ACAACTAAAA TAAAGTTTAA 6T6TTTTTAT TTAAAATCAC AAAATTCGAG TAGTTATTTT 
BCCTCCACCT TCCCATTTGA CAGAA7ACAC CAATCTCTCC CCACGCACAG CTTTAAACAT TTGGATACCA 
TTAGAGATAG ACATTGTTTT ASATTCCACA TTCCAAACAG TTTCA6A6CG AGCCAATCTG GGGTCAGTGA 
TABATAAAAA TCCATCQCGA TAGTCTTTTa AAGCGCTTTC ACAGTCCAAC T6CT6CGGAT 6CGACTCCGG 
AGTTTSCATC ACGGTCATCI" GGAAGAAGAA cgatgggaat cataatccba aaacshtatc sgacgattbt 

GTCTCATCAA ACCCACAAGC AGCCGCTGTC TGCCTCGCTC CGTGCGACTG CTGTTTATGS &ATCAGGGTC 
CACAGTTTCC TGAAGCATQA TTTTAATAGC CCTTAACATC AACTTTCTGG 76CGATGCGC GCAGCAACBC 
ATTCTGATTT CACTCAAATC TTTQCAGTAB G7ACAACACA TTATTACAAT ATTBTTTAAT AAACCATAAT 
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CTCATATCTG ATATAATC6C CCCTGCATGA CCATCATACC AAAGTTTaAT 
32^11 ATAAATTAAA TGACfiTTCCC TCAAAAACAC ACTACCCACA TACATGATCT CTTTTGGCAT STGCATATTA 
32481 ACAATCTGTC TBTACCATBG ACAACSTTG6 TTAATCATeC AACCCAATAT AACCTTCCGG AACCACACTG 
Iflll ^Si^^^S^^^^S I^CCCCABCC ATCCATTGAA CTGAACCCTG CTGATTACAA TGACAATGAA eAACCCAit? 
32621 CTCTCGACCG TGAATCACTT GAGAATGAAA AATATCTATA GTBGCACAAC ATABACATAA ATRCATftrAT 
iilll SI^«r^«^? llVJr^^l'i '^T'^'^^SATTT AGAAACATAt CCCaSS^SJ? i^f^^^^ t'HSS^I 
flat Jtt^f^IoSS f5^^H!2 A«ACCAC€AA CACAACYTAC ACTATGCATA BTCATASTAT CACAATCTSe 

TCATAG&AGC TCeCOTTTCA TTTTCCTCAC AACGTBBTAA CTCGBCTCTG 
3290T STSTAAeGGT BAT6TCTS5C GCATBATGTC GA6CGTGCGC SCAACCTTBT CATAATGBAG TTGCTTCCTG 
32971 ACATTCTCST aTtTTGTATA BCAAAACGCG CCCCTGGCAG AACACACTCT TCTTCGCCTT CTATCCTGCC 

!r??e?AA^r II^frJ?J?$ J^^II^O'^'^I ACAGCCACAC TCTTAAQTTB GTCAAAA6AA TGCTGBCTTC 
33111 AeTTGTAATC AAAACTCCAT CGCATCTAAT TGTTCT6ABG AAATCATCCA CQGTA8CATA TBCAAATCCC 
Ifoil ££££5^?$^* I5?£5^ISS5 Ubcgtttca ASCABSAGAG SAGABGGAAG AGACBCAAGA accatgttaa 
IHX: TTTTTATTCC AAACBATCTC BCabTACTTC AAATTGTAGA TCGCGCAGAT GGCA7CTCTC GCCCCCACTQ 
ilsll T6TTGQTCAA AAA6CACAGC TAAATCAAAA GAAAT6CGAT TTTCAA6BTG CTCAACGBTG GCTTCCAACA 
ISI MGAACAAAA GAATACCAAA AGAABSaSw T™TAACT liVcMTCAT 

ff« JH?rSSi"* TTCCCAGATA ATTTTCACCT TTCCAGCCTT BAATTATTCB TBTCAGTTCT 

™ I^^5?I£tt3 i^AATCCACA CATTACAAAC AGGTCCCGSA GGGCGCCCTC CACCACCATT CTTAAACACA 
HIS "SX^^J*2I ^ACAAAATAT CTT6CTCCTG TGTCACCTGT AGCGAATTGA BAATSCCAAC ATCAATTGAC 
33871 ATGCCCTT6B CTCTAAGTTC TTCTTTAAGT TCTABTTCTA AAAACTCTCT CATATTATCA CCAAACTGCt 
^74 TAfiCCABAAe CCCCCCGGGA ACAAGASCAG GGGACBCTAC ASTGCABTAC AAGCGCAGAC CTCCCcIaS 

ilil S2^^?£S*"' tbgaataacc ATATieeBAA ccaccaqtSa ?Stmtcg^a alfsStGH 

litfl ^Jelt^TS^? f^S^frr"^ TTeXAGAAAT T6AATAAAAB AAAAATTTBC CAAAAAAACA TTCAAAACCT 

1^ £15!!^!?^- AATGCAATAG GTTACCGCCC tgcgctccaa cattbttaqt tttgaattab tctgcaaaaa 

rtfiX: TAAAAAAAAA ACAASCGTCA TATCATAGTA GCCTGACGAA CABGTBGAtA AATCAGTCTT TCCArCAMA 
^Irrf^^^ £?^I?I^?£ 8C^t:CACCCT CGTAAAACCT BTCaISI^GA JcwJSa^ 

fftal niSlAAAfr Ie?rA«ri^I I^^i$£2ISI TGATgaagca tacaatccab acatsttabc atcaeAag 

tlf^I 5i!^t£ft«? ^^SS?^*^*^* GCCTTTGSGT ATAATTATGC ttaatcgtaa gtatabcaaa gccacccctc 
®^??*rf^|?£ *?taaaasgc acaggagaat aaaaaatata «ttatttctc tbctbctstt tabbcaacbt 

a^I "CTCTAAAT ACACATACAA AQCCTCATCA fiCCATefiCTT ACCAGABAAA GTACAeCBM 

l^V, ^nS*?£^^^ AAGTCACTCT CCAACCTSTC CACAATATAT ATACACAAGC CCTAAACTOA 

Hfl] CGTAATGGEA CTAAAG7QTA AAAAATCCCG CCAAACCCAA CACACACCCC EAAACTGCBT CACCAeftSAA 
?^!! AASTACAQTT TCACTTCCBC AATCCCAACA ASCSTCACTT CCTCTTTCTC AC66TACGTC ACATCCCATT 
f^^llJi'^^^ BTCATTTTCC CACGBCCBCB CCBCCCCTTT TAACCGTTAA CCCCACAGCC AATCACCaS 

1*791 GATG tttttaaaat cacctcattt acatattssc accattccat ctataabgta TATTATTSAT 
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